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Epoch Biosciences, Inc. is the assignee of one hundred percent (100%) interest 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) & 1.27(c)) - SMALL BUSINESS CONCERN 

Charles R. Petrie. Rich B. Meyers. John C. Tabone and Gerald D. Hurst 

5,824.796 

October 20. 1998 



CROSS-LINKING OLIGONUCLEOTIDES 



[ ] the owner of the small business concern identified below: 

[ ] an official of the small business concern empowered to act on behalf of the concern identified below. 



Name of Small Business Concern: 
Address of Small Business Concern: 



Epoch Biosciences. Inc. 



12277 134th Court NE Suite 1 1 0 



Redmond. WA 98052 



I hereby declare that the above-identified small business concern qualifies as a small business concern as defined in 13 CFR 121.12, and reproduced in 37 CFR 1 9(d) 
for purposes of paying reduced fees to the United States Patent and Trademark Office, in that the number of employees of the concern, including those of its affiliates 
does not exceed 500 persons. For purposes of this statement, (1) the number of employees of the business concern is the average over the previous fiscal year of the 
concern of the persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates of each 
other when either, directly or indirectly, one concern controls or has the power to control the other, or a third party or parties controls or has the power to control both. 

I hereby ^declare that ^rights under contract or law have been conveyed to and remain with the small business concern identified above with regard to the invention 
entitled CROSS-LINKING OLIGONUCLEOTIDES by inventory Charles R. Petrie, Rich B. Meyer, John C. Tabone and Gerald D. Hu J described in 
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the specification filed herewith; 

Application No. , filed _ 

Patent No. , issued 



If the.phts held by the above identified small business concern are not exclusive, each individual, concern or organization having rights in the invention is listed 
belowjand no rights to the invention are held by any person, other than the inventor, who would not quality as an independent inventor under 37 CFR 1 9(c) if that 
persorXJiade the invention, or by any concern that would not qualify as a small business concern under 37 CFR 1 .9(d), or a nonprofit organization under 37 CFR 1 .9(e). 

H- *NOTE: Separate verified statements are required from each named person, concern or organization having rights to the invention averring to their status as 

y-jj small entities. (37 CFR 1.27) 
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Individual 
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Individual 
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I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement to small entity status prior to paying, or at 
the time ot paying, the earliest of the issue fee or any maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1 .28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true' and 
further that these s^temente were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application, any patent issuing thereon, or 
any patent to which this verified statement is directed. 
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Attorney Docket No.: 17682A-005100US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Petrie et al. 

Patent No.: 5,824,796 

Issued: October 20, 1998 

Application No. : Not Yet Assigned 

Filed: Herewith 

For: CROSS-LINKING 
OLIGONUCLEOTIDES 



PRELIMINARY REMARKS 



Commissioner of Patents and Trademarks 
Box Reissue 

Washington, D.C. 20231 

PRELIMINARY REMARKS 

Dear Sir: 



Prior to examination of the above-referenced application for Reissue, please 
enter and consider the following remarks. 

Claims 1, 8, 10 and 13 have been amended to correct minor typographical 

errors. 

Claims 16-44 are new. Accordingly, Claims 1-44 are pending in this reissue 

application. 

In each of claims 1, 8, 10 and 13, the work "phtalimido" has been replaced by 
the conventional spelling of — phthalimido — . 

Claims 16-24 are directed to compounds disclosed in the specification at 
columns 9 and 10. Particularly at column 10, lines 27-47, wherein the claimed compounds are 
described in the context of intermediates in the preparation of the originally claimed 
pyrazolo[3,4-d]pyrimidines. More particularly, with reference to formula (I), the specification 
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Application No.: 
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recites "[l]inker arms may include alkylene groups of 1 to 12 carbon atoms, alkenylene groups 
of 2 to 12 carbon atoms and 1 or 2 olefinic bonds, alkynylene groups of 2 to 12 carbon atoms 
and 1 or 2 acetylenic bonds, or such groups substituted at a terminal point with nucleophilic 
groups such as oxy, thio, amino or chemically blocked derivatives thereof. . 

Claims 21 and 22 are directed to compounds having a pyrimidine base moiety 
and modified as noted above for the pyrazolo[3,4-d]pyrimidines (see, for example, Schemes 1 
and 2, columns 7 and 8). The specification at column 7, lines 22-40, notes that the invention is 
directed to two classes of compounds that have demonstrated particular usefulness upon 
incorporation into oligonucleotides. The first class of compounds are the pyrimidine 
derivatives, the preparation of which is shown in Schemes 1 and 2. A comparison of the side 
chain components finds that these schemes illustrate the incorporation of alkynylene, 
alkenylene and alkylene chains which terminate in Y\ a group useful for the attachment of A\ 
Accordingly, Applicants have added claims 21 and 22 directed to these intermediates, but 
reducing the scope in view of, for example, Robins et aL, Can. J. Chem. 60:554 (1982) and J. 
Org. Chem. 48:1854 (1983), and Ward et al., U.S. Pat. No. 4,71 1,955 references of record in 
the parent application. 

Claims 23-28 are directed to oligonucleotides incorporating the modified bases 
provided in claims 16-22. Support for these claims can be found in those areas provided above 
for the nucleotide units and in the statement beginning at column 7, line 22, that "[t]wo classes 
of modified 2'deoxynucleosides have demonstrated particular usefulness in the present 
inventionybr incorporation into oligonucleotides . . (emphasis added). 

New claims 29-30 and 31-32 are dependent on claims 10 and 13, respectively 
and recite the limitations wherein the reporter group is selected from 3 H, 125 1, 35 S, 14 C and 32 P 
(see column 14, lines 1-4), and more preferably, 3 H. 

New claims 33-44 are directed to the compounds and oligonucleotides having 
bases and labels as provided above, but having linking groups including the unsaturated linking 
groups (e.g., alkenylene and alkynylene). More particularly, claim 33 recites a labeled 
oligonucleotide having at least one pyrazolo[3,4-d]pyrimidine nucleotide unit with a reporter 
group (A) attached via a linker (W). Support for this group of embodiments can be found at 
column 9, lines 28-60, wherein W is a chemical linker arm (see column 9, line 51, and column 
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10, lines 33-35) and A is a reporter group (see column 9 ? lines 53-55). The portion designated 
in the specification as ~(X)„- is not depicted in the claimed formula as the subscript n is 0 in 
this group of embodiments. Claims 34 and 35 recites certain radiolabels (see column 14, lines 
1-4). 

In a related group of embodiments, claims 36-38 recite similar labeled 
oligonucleotides in which the label is pendent to a pyrimidine base, e.g., as depicted in column 
7. In order to be consistent with claims 33-35, the pendent linker and label have been depicted 
as - W-A, in which W and A have the same definitions as provided above. Applicants believe 
the equivalent scope sought for linking group and reporter group in this series of claims would 
be apparent to one of skill in the art upon viewing the general structure, Schemes 1 and 2, and 
the recitation that two classes of modified bases have demonstrated usefulness in the present 
invention. 

Claims 39-41 and 42-44 recite groups of compounds (pyrazolo[3,4- 
d]pyrimidines and pyrimidines, respectively) having attached reporter groups. More 
particularly, these claims are directed to the monomers used in the oligonucleotides provided in 
claims 33-38. Support in the specification can be found as outlined above. 

Applicants believe no new matter is presented in any portion of the requested 

amendments. 

Concerning the sequence listings contained in the specification, the Office's 
attention is respectfully directed to the enclosed Cross-Reference under 37 C.F.R. § 1.821(e); 
and Statement under 37 C.F.R. §§ 1.821 (f) and (g). 

CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at 
an early date is respectfully requested. 
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If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 415-576-0200. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 94111-3834 

Tel: (415) 576-0200 

Fax: (415) 576-0300 

WBK 
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Respectfully submitted, 



William B. Kezer 
Reg. No. 37,369 




WHAT IS CLAIMED IS: 



1 1. (Amended) An oligonucleotide having at least one nucleotide of ^ 

2 the formula 

3 Rl _ B -(CH 2 ),-(Y) r -(CH 2 ) m -A' 

4 wherein 

5 Ri is a l-(|3-D-ribofuranosyl) or l-(P-D-2-deoxyribofuranosyl) group which is 

6 optionally substituted on one or more of its hydroxyl functions with a Z group, 

7 wherein Z independently is methyl or a phosphate, thiophosphate, alkylphosphate 

8 or alkanephosphonate group; 

9 B is a heterocyclic base selected from purine and pyrazolo[3,4-d]pyrimidine groups 

10 wherein the (CK 2 ) q group is attached to the 7-position or 8 position of the purine 

1 1 and 3-position of the pyrazolo[3 ? 4-d]pyrimidine groups and the Ri group is 

12 attached to the 9-position of the purine and to the 1 -position of the pyrazolo[3 ? 4- 

13 d]pyrinidine groups; 

14 Y is a functional linking group selected from a group consisting of -0-, -S-, -NR'-, 

15 -NH-CO-, trifluoroacetamido and [phtalimido] phthalimido groups where R' is H 

16 or Ci-6 alkyl, and at least one of the (CH 2 ) m and (CR 2 )q groups is directly linked to 

17 the -0-, -S-, -NR'-, NH-CO-, trifluoroacetamido and [phtalimido] phthalimido 

18 groups and the other of said (CH^ and (CH 2 ) q groups is linked to the heterocyclic 

19 base with a carbon to carbon bond; 

20 m is 1 to 8, inclusive; 

21 q is 0 to 8, inclusive; 

22 r is 0 or 1 ; and 

23 A' is a group selected from chloro, bromo, iodo, S0 2 R ? ", S + R'"R"" and a radical 

24 which activates the carbon to which it is attached for nucleophilic substitution, 

25 where each of R"' and R"" is independently Ci_ 6 alkyl or aryl or R'" and R"" 

26 together form a Ci_6 alkylene bridge. 

1 2. An oligonucleotide according to claim 1 wherein B is selected from 

2 adenine-8-yl, guanine-8-yl, 4-aminopyrazolo[3,4-d]pyrimidin-3-yl, and 4-amino-6- 

3 oxopyrazolo[3,4-d]pyrimidin-3-yl groups. 

1 3. An oligonucleotide according to claim 1 wherein m is 1, 2 or 3; q is 

2 2, 3, or 4; and r is 1. 



1 4. An oligonucleotide according to claim 1 wherein the Ri group is 1- 

2 (p-D-ribofuranosyl). 



1 5. An oligonucleotide according to claim 1 wherein the Ri group is 1- 

2 (P-D-2-deoxyribofuranosyl). 

1 6. An oligonucleotide according to claim 1 wherein the Ri group is 1- 

2 (p-D-2-O-methyl-ribofuranosyl). 

1 7. An oligonucleotide according to claim 1 wherein the group 

2 -(CH2V(Y) r -(CH2) m -A' is 3-iodoacetamidopropyl, 3-(4-bromobutyramido)propyl, 4- 

3 iodoacetamidobutyl, or 4-(4-bromobutyramido)butyL 

8. (Amended) A compound of the formula y/^ 

s * j> 

13 where Ri is H, or a l-((3-D-ribofuranosyl) or l-(P-D-deoxyribofuranosyl) group which 

C3t is optionally substituted on one or more of its hydroxyl functions with a Z group 

<rp wherein Z independently is methyl or a phosphate, thiophosphate, alkyiphosphate 
or alkanephosphonate group, or a reactive precursor of said phosphate, 

7 thiophosphate, alkyiphosphate or alkanephosphonate group which precursor is 

8 suitable for internucleotide bond formation; 

9 R3 is (CH2)^-(Y) r -(CH2) m -A" where A" is a group selected from chloro, bromo, iodo, 

10 S0 2 R'" S + R'"R"" and a radical which activates the carbon to which it is attached 

1 1 for nucleophilic substitution, where each of R'" and R"" is independently Ci_6 

12 alkyl or aryl or R"' and R"" together form a Ci_6 alkylene bridge, or A" is an 

13 intercalator group, a metal ion chelator or a reporter group; 

14 Y is a functional linking group selected from a group consisting of-O-, -S-, -NR'- ? 

15 -NH-CO-, trifluoroacetamido and [phtalimido] phthalimido groups where R' is H 

16 or C 1-6 alkyl, and at least one of the (CE^)™ and (CH^ groups is directly linked to 

17 said -O, -S-, -NR'-, NH-CO-, trifluoroacetamido and [phtalimido] phthalimido 

18 groups and the other of said (CB^)™ and (CH.2)q groups is linked to the heterocyclic 

19 base with a carbon to carbon bond; 



20 each of m and q is independently 0 to 8, inclusive; r is 0 or 1 provided that when A" is 

21 a group selected from chloro, bromo, iodo, S0 2 R'" 9 S + R'"R"" and a radical which 

22 activates the carbon to which it is attached for nucleophilic substitution, then m is 

23 not 0; 

24 each of R4 and R 6 is independently H, OR, SR, NHOR, NH 2? or NH(CH 2 ),NH 2 where 

25 R is H or Ci_6alkyl and t is an integer from 0 to 12. 

1 9. A compound in accordance with claim 8 where each of R4 and R 6 

2 is independently selected from a group consisting of H, OH and NH 2 . 

1 10. A compound of the formula 

M 

2 R 1 

3 where Ri is H, or a l-(P-D-ribofuranosyl) or l-((3-D-deoxyribofuranosyl) group which 

4 is optionally substituted on one or more of its hydroxyl functions with a Z group 

5 wherein Z independently is methyl or a phosphate, thiophosphate, alkylphosphate 

6 or alkanephosphonate group, or a reactive precursor of said phosphate, 

7 thiophosphate, alkylphosphate or alkanephosphonate group which precursor is 

8 suitable for internucleotide bond formation; 

9 R 3 is (CH 2 V(Y>-(CH 2 ) m -A" where A" is a reporter group; 

10 Y is a functional linking group selected from a group consisting of-O-, -S-, -NR'-, 

1 1 -NH-CO-, trifluoroacetamido and [phtalimido] phthalimido groups where R' is H 

12 or Ci_6 alkyl, and at least one of the (CH 2 ) m and (CU 2 ) q groups is directly linked to 

13 said -O-, -S-, -NR'-, NH-CO-, trifluoroacetamido and [phtalimido] phthalimido 

14 groups and the other of said (CH 2 ) m and (CH 2 )^ groups is linked to the heterocyclic 

1 5 base with a carbon to carbon bond; 

16 each of m and q is independently 0 to 8, inclusive; r is 0 or 1 ? and 

17 each of R4 and Re is independently H, OR, SR, NHOR, NH 2 , or NH(CH 2 ) / NH 2 where 

18 R is H or Ci- 6 alkyl and t is an integer from 0 to 12. 



1 11. A compound in accordance with claim 10 where each of R4 and R 6 

2 is independently selected from a group consisting of H, OH and NH 2 . 



1 12. A compound in accordance with claim 11 where the reporter group 

2 is biotin or 2,4-dinitrobenzene. 



1 13. An oligonucleotide having at least one nucleotide of the formula 

X J 3 

A - N 

2 R 1 

3 where Ri is a l-(P-D-ribofuranosyl) or l-(P-D-2-deoxyribofuranosyl) group which is 

4 optionally substituted on one or more of its hydroxyl functions with a Z group 

5 wherein Z independently is methyl or a phosphate, thiophosphate, alkylphosphate 

6 or alkanephosphonate group; 

.sua* 

R3 is (CH 2 ) 9 -(Y) r -(CH 2 ) m -A and A is a reporter group; 

^JB Y is a functional linking group selected from a group consisting of-O-, -S-, -NR'-, 

\S -NH-CO-, trifluoroacetamido and [phtalimido] phthalimido groups where R 5 is H 

iff) or C i_6 alkyl, and at least one of the (CH 2 ) m and (CH 2 ) ? groups is directly linked to 

■ri said -0- ? -S-, -NR% NH-CO-, trifluoroacetamido and [phtalimido] phthalimido 

;12 groups and the other of said (CH 2 ) m and (CH 2 )^ groups is linked to the heterocyclic 

it? base with a carbon to carbon bond; 

; ft each of m and q is independently 0 to 8 ? inclusive; r is 0 or 1 , and 

iff each of R4 and Re is independently H ? OR, SR, NHOR, NH 2 , or ^(CH 2 ),NH 2 where 

16 R is H or Ci^alkyl and t is an integer from 0 to 12, 

1 14. An oligonucleotide in accordance with claim 13 where each of R4 

2 and R<$ is independently selected from a group consisting of H ? OH and NH 2 . 

1 15. An oligonucleotide in accordance with claim 14 where the reporter 

2 group is biotin or 2,4-dinitrobenzene. 

1 16. (New) A compound havine the formula y/ 

A ' N 

2 Ri 



3 wherein R 2 is H, or a Hp-D-ribofuranosvl) or l-(P-D-2-deoxyribofuranosyl) group 

4 which is optionally substituted on one or more of its hvdroxvl functions with a Z 

5 group wherein Z independently is methyl or a phosphate, thiophosphate. 

6 alkylphosphate or alkanephosphonate group which precursor is suitable for 

7 internucleotide bond formation: 

8 R 2 is -W-X, wherein W is a chemical linker arm selected from the group consisting of 

9 Cuv? alkylene. Ct -t? alkenylene and C 2 -i9 alkvnvlene. and X is selected from the 

10 group consisting of OH. SH. NH 2 and chemically blocked derivatives thereof: 

11 each of R4 and R * is independently H. OR. SR. NHOR. NH 2 . or NH(CH 2 ) ,NH 2 where 

12 R is H or CY^alkvl and t is an integer from 0 to 12 

13 with the proviso that when W is -CH 2 CH 2 -. then X is other than NH 2 . 

1 17. (New) A compound of claim 16, wherein W is C ut? alkylene and 

2 X is selected from the group consisting of OH. NH 2 and chemically blocked derivatives 

3 thereof. 

1 18. (New) A compound of claim 16. wherein W is Ct -t? alkvnvlene 

2 and X is selected from the group consisting of OH. NH 2 and chemically blocked 

3 derivatives thereof. 

1 19. (New) A compound of claim 17. wherein W is pentvl and X is 

2 NH-tritvl. 

1 20. (New) A compound of claim 16. wherein Ra is NH 2 or OH and R^ 

2 is H or NH 2 

1 21. (New) A compound having the formula 

O 

2 R 1 

3 wherein R 2 is a 1-fp-D-ribofuranosyl) or l-((3-D-2-deoxyribofuranosyl) group which 

4 is optionally substituted on one or more of its hvdroxvl functions with a Z group 

5 wherein Z independently is methyl or a phosphate, thiophosphate. alkylphosphate 

6 or alkanephosphonate group which precursor is suitable for internucleotide bond 

7 formation: 



8 W is a chemical linker arm selected from the group consisting of C9-19 alkynvlene. 

9 and Y' is selected from the group consisting of OH. SH and chemically blocked 
10 derivatives thereof. 

1 22. (New) A compound of claim 21. wherein Y' is selected from the 

2 group consisting of OH and chemically blocked derivatives thereof. 

1 23. (New) An oligonucleotide comprising at least one nucleotide unit * 

2 of the formula 

R 3 

3 

3 wherein R L is a l-fB-D-ribofuranosyl) or l-rp-D-2-deoxyribofuranosyl) group which 

I: § is optionally substituted on one or more of its hvdroxvl functions with a Z group 

l# wherein Z independently is methyl or a phosphate, thiophosphate. alkvfohosphate 

17 or alkanephosphonate group which precursor is suitable for internucleotide bond 

ls S formation: 

i*S is -W-X. wherein W is a chemical linker arm selected from the group consisting of 

|2 Cut? alkvlene. Ct -t? alkenylene and C7 -19 alkynvlene. and X is selected from the 

if group consisting of OH, SH. NH 2 and chemically blocked derivatives thereof: 

3 each of R4 and is independently R OR. SR. NHOR. NH 2 . or NHfCH 2 \NH 2 where 

13 R is H or C i ^alkyl and t is an integer from 0 to 12. 

1 24. (New) An oligonucleotide of claim 23, wherein W is C1-12 

2 alkvlene a nd X is selected from the group consisting of OH. NH 2 and chemically blocked 

3 derivatives thereof. 

1 25. (New) An oligonucleotide of claim 23. wherein W is C?.i 2 

2 alkvnvlene and X is selected from the group consisting of OH. NH 2 and chemically 

3 blocked derivatives thereof. 



1 

2 



is NH-tritvl. 



26 



(New) An oligonucleotide of claim 24.wherein W is pentvl and X 



1 

2 



27. fNew) An oligonucleotide comprising at least one nucleotide unit 

of the formula 



O 

hn^V w " y ' 

3 R i 

4 wherein R L is a l-fp-D-ribofuranosvl) or l-f3-D-2-deoxyribofuranosyr) group which 

5 is optionally substituted on one or more of its hvdroxvl functions with a Z group 

6 wherein Z independently is methyl or a phosphate, thiophosphate. alkvbhosphate 

7 or alkanephosphonate group which precursor is suitable for internucleotide bond 

8 formation: 

9 W is a chemical linker arm selected from the group consisting of C^-n alkvnvlene, 

10 and Y ? is selected from the group consisting of OH, SH and chemically blocked 

11 derivatives thereof. 



1 28. fNew) An oligonucleotide of claim 27, wherein Y ? is selected 

2 from the group consisting of OH and chemically blocked derivatives thereof 

1 29. (Newl A compound of claim 10, wherein the reporter group is 

2 selected from the group consisting of 3 H. 125 L 35 S, 14 C and 32 P. 

1 30. (New) A compound of claim 10. wherein the reporter group is 3 H. 

1 31. ("New) An oligonucleotide of claim 13, wherein the reporter group 

2 is selected from the group consisting of 3 H. 125 I 35 S, 14 C and 32 P. 

1 32. (New) An oligonucleotide of claim 13. wherein the reporter group 

2 is 3 H. 



1 33. (New) A labeled oligonucleotide comprising at least one 

2 nucleotide unit of the formula 

nM 

II Jn 

3 Ri 



4 wherein R^ is a l-(P-D-ribofuranosyl) or l-(P-D-2-deoxyribofuranosyl) group which 

5 is optionally substituted- on one or more of its hvdroxvl functions with a Z group 

6 wherein Z independently is methyl or a phosphate, thiophosphate. alkylphosphate 

7 or alkanephosphonate group which precursor is suitable for internucleotide bond 

8 formation; 

9 R z is -W-A. wherein W is a chemical linker arm selected from the group consisting of 

10 Cu? alkylene. C? ^? alkenylene and C9 -2 2 alkynvlene. and A is a reporter group: 

11 and 

12 each of Ra and R* is independently H. OR. SR. NHOR. NH Z . or NH(CH Z \NH Z where 

13 R is H or C u ^alkyl and t is an integer from 0 to 12. 

1 34. (New) A labeled oligonucleotide of claim 33, wherein said 

j «2 reporter group is selected from the group consisting of H. L S. C and P. 

ujj 35. (New) A labeled oligonucleotide of claim 33. wherein said 

jit reporter group is 3 H. 

j d 36. (New) A labeled oligonucleotide comprising at least one 

i ( 2 nucleotide unit of the formula 

-J o 
:,a II 
.D HN^VW-A 

3 R 1 

4 wherein R i ^ is a l-fB-D-ribofuranosyl) or l-fp-D-2-deoxyribofuranosyl) group which 

5 is optionally substituted on one or more of its hydroxyl functions with a Z group 

6 wherein Z independently is methyl or a phosphate, thiophosphate. alkylphosphate 

7 or alkanephosphonate group which precursor is suitable for internucleotide bond 

8 formation: 

9 W is a chemical linker arm selected from the group consisting of C z -i? alkynylene; 

10 and 

11 A is a reporter group. 

1 37. (New) A labeled oligonucleotide of claim 36. wherein said 

2 reporter group is selected from the group consisting of 3 H, 125 I. 35 S. 14 C and 32 P. 



1 38. (New) A labeled oligonucleotide of claim 36. wherein said 

2 reporter group is 3 H. 

1 39. (New) A compound having the formula 

i! I 3 

2 

3 wherein Ri is H, or a 1-fB-D-ribofuranosvn or l-fl3-D-2-deoxvribofuranosyl) group 

4 which is optionally substituted on one or more of its hvdroxvl functions with a Z 

5 group wherein Z independently is methyl or a phosphate, thiophosnhate. 

6 alkylphosphate or alka nephosphonate group which precursor is suitable for 

7 internucleotide bond formation: 

8 Ri is -W-A, wherein W is a chemical linker arm selected from the group consisting of 

9 Ci-i2 alkylene, C?_i? alkenylene and C ri2 alkvnylene. and A is a reporter group: 

10 mid 

11 each of R4 and R fi is independently R OR. SR. NHOR. NH 2 . or NHfCHANH? where 

12 R is H or C i ^alkvl and t is an integer from 0 to 1 2. 

1 40 (New) A c ompound of claim 39. wherein said reporter group is 

2 selected from the group consisting of 3 H. 125 1. 35 S. 14 C and 32 P. 

1 4L (New) A c ompound of claim 39. wherein said reporter group is 3 H. 

1 42. (New) A compound having the formula y/ 

O 

HN Awv-A 

2 R1 

3 wherein R] is a 1-fP-D-ribofuranosvl") or 1 -Cp-D-2-deoxvribofuranosvn group which 

4 is optionally substituted on one or more of its hvdroxvl functions with a 7 p roup 

5 wherein Z independently is methvl or a phosphate, thiophosnhate. alkvlnhosp hate 

6 or alkanephosphonat e group which precursor is suitable for internucleotide bond 

7 formation: 



8 W is a chemical linker arm selected from the group consisting of C9 -2 2 alkvnvlene: 

9 and 

10 A is a reporter group. 

1 43. (New) A compound of claim 42, wherein said reporter group is 

2 selected from the group consisting of 3 H. l25 L 35 S. 14 C and 32 P. 

1 44. (New) A compound of claim 42. wherein said reporter group is 3 H. 
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[57] ABSTRACT 

This invention is directed to novel substituted nucleotide 
bases with a crossiinlcing arm which accomplish, crosslink- 
ing between specific sites on adjoining strands of oligo- 
nucleotides or oligodcoxynucleotides. The invention is also 
directed to oligonucleotides comprising at least one of these 
crosslinlong agents and to the use of the resulting novel 
oligonucleotides for diagnostic and therapeutic purposes. 
The crosslinking agents of the invention arc of the following 
formula (T): 



wherein, 

R t is hydrogen, or a sugar moiety or analog thereof 
optionally substituted at its 3' or its 5' position with a 
phosphorus derivative attached to the sugar moiety by 
an oxygen and including groups Q t Q 2 and Qgor with 
a reactive precursor thereof suitable for nucleotide 
bond formation; 

Q x is hydroxy, phosphate or diphosphate; 

Q 2 is — O or =S; 

Q3 is CH 2 — R\ S— tR', O— R'. or N — R'R"; 

each of R' andR" is independently hydrogen or C^ aUbyl; 

B is a nucleic acid base or analog thereof that is a 

component of an oligonucleotide; 
Y is a functional Unking group; 
each of m and q is independently 0 to 8, inclusive; 
r is 0 or 1; and 
A' is a leaving group. 

This invention is also directed to novel 3,4-disubstituted and 
3.4,-trisubstituted pyrazolo[3,4^]-pyrimidifle$ and to me 
use of these nucleic acid bases in die preparation of oligo- 
nucleotides. The invention includes nucleosides and mono- 
and oligonucleotides comprising at least one of these pyra- 
zolopyrimidines. and to the use of the resulting novel 
oligonucleotides for diagnostic purposes. 



15 Claims, 3 Drawing Sheets 
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CROSS-LINKING OLIGONUCLEOTIDES 
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CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Sen No. 
08/049.807, filed Apr. 20. 1993. now abandoned which is in 
turn a continuation of application Ser. No. 07/353.857, filed 
May 18, 1989. now abandoned, which in turn is a 
continuation-in-part of application Ser. No. 250,474. filed on 
Sep. 28. 1988. 

BACKGROUND OF THE INVENTION 

This invention relates to nucleoside crosslinking agents 
and to the use of these compounds in the preparation of 
oligonucleotides. It also relates to derivatives of pyrazoio 
[3.4^]pyrinudine which are useful as nucleic acid bases for 
the preparation of oligonucleotides. 

Oligonucleotides are useful as diagnostic probes for the 
detection of "target" DNA or RNA sequences. In the past 
such probes were made up of sequences of nucleic acid 
containing purine, pyrirnidine or 7-deazapurine nucleotide 
bases (U.S. Pat. No. 4.711.955; Robins et aL J. Can. 7. 
Cheats 60:554 ( 1982); Robins et aL. J. Org. Cherry 48:1854 ^ 
(1983)). The method for attaching chemical moieties to 
these bases has been via an acetoxy-mercuration reaction, 
which introduces covaiently bound mercury atoms into the 
5-position of the pyrirnidine ring, the C-8 position of the 
purine ring or the C-7 position of a 7-deazapurine ring (Dale M 
et ah. Proc. NatL Acad. Sci USA 70:2238 (1973): Dale et 
aL. Biochemistry, 14:2447 (1975)). or by the reaction of 
org an o mercurial compounds with dermic compounds in the 
presence of palladium catalysts (Ruth ct aL. J. Org. Chem^ 
43:2870 (1978); Bergstrom et aL. J. Am. Chem. Soc^ 35 
100:8106 (1978); Bigge et aL, J, Am. Chem. Soc^ 102:2033 
(1980)). 

The sugar component of oligonucleotide probes has been, 
until the present composed of nucleic acid containing ribosc 
or deoxyribose or. in one case, natural ^-arabinose (patent ^ 
publication EP 227.459). 

A novel class of nucleotide base, the 3.4-disubsriajted and 
3,4.6-trisubstituted pyrazolo[3.4^-pyriniidines. has now 
been found which offers several advantages over the prior 
art The de novo chemical synthesis of the pyrazdopyrirni- 45 
dine and the resulting nucleotide allows for the incorpora- 
tion of a wide range of functional groups in a variety of 
different positions on the nucleotide base and for the use of 
different sugar moieties. Also, adenine, guanine and hypox- 
an thine analogs are obtained from a single nucleoside pre- 50 
cursor. Additionally, the synthesis does aot require the use of 
toxic heavy metals or expensive catalysts. Similar pyrazoio 
[3,4^pyrirnidines are known (Kobayashi, Ckan. Pharm. 
BulL, 21:941 (1973)); however, the substituents on the group 
are different from those of the present invention and their 55 
only use is as xanthine oxidase inhibitors The concept of 
crosslinJcable nucleotide probes for use in therapeutic and 
diagnostic applications is related to the pioneering work of 
B. R. Baker, "Design of Active-Site-Directed Irreversible 
Enzyme Inhibitors," Wiley. N.Y.. (1967), who used what 60 
was termed "active-site-directed enzyme inhibitors'* in Che- 
mother apeutic applications. 

In recent years, the concept of incorporating a crosslink in 
an oligonucleotide has been sporadically discussed in efforts 
to develop superior sequence probes. Knorre and VI as so v. 65 
Prog. NucL Acid Res. MoL BioL 32:291 (1985). have 
discussed sequence-directed cross- linking ("complementary 



2 

addressed modification") using an N-(2-chioroethyi)-N- 
methyianiline group attached to either the 3'- or 5 ^terminus 
of oligonucleotides. Summerton and Bartleti. J, Mot BioL 
122:145 (1978) have shown thai an 8-atom chain, attached 

5 to a cytosine residue at its C-4 position and terminating in 
the highly reactive bromoraethyl ketone group, can crosslink 
to fee N-7 of guanosine. 

Webb and Matteucci Nucleic Acids Res^ 14:7661 (1986). 
have p-epared oligonucleotides containing a 5-methyl-NjN- 

10 ethajaocytosine base which is capable of slow crosslinking 
with a complementary strand. In a conceptually related 
aikylafioQ via a linker arm within a DNA hybrid, Ivcrson and 
Dervan. Proc. NatL Acad. ScL USA, 85:4615 (1988). have 
shown opposite strand methylation, triggered by BrCN 

15 activation of a methyltruo ether, predominately on a guanine 
base located two pairs from the base bearing the linker. 

Oligonucleotides may be used as chemotherapeutic 
agents to control the expression of gene sequences unique to 
an invading organism, such as a virus, a fungus, a parasite 

20 or a bacterium. la oature. some RNA expression in bacteria 
is controlled by "antisease" RNA, which exerts its effect by 
forming RNAiRNA hybrids with complementary target 
RNAs and modulating or inactivating their biological activ- 
ity. A variety of recent studies using plasmid vectors for the 

^ introduction of an ti sense RNAs into eukaryotic ccUs have 
shown that they effectively inhibit expression of MRNA 
targets in vivo (reviewed in Green, et al.. Aruu Rev. Biochem. 
55: 569-597 (1986)). Additionally, a specific mRNA 
amongst a large number of mRNAs can be selectively 

30 inactivated for protein synthesis by hybridization with a 
complementary DNA restriction fragment which binds to 
the mRNA and prevents its translation into protein on 
ribosomes (Paterson. et al.. Proc. NatL Acad. Set 74: 
4370-4374 (1977); Hastie et al., Proc. Natl. Acad. ScL 75: 

35 1217-1221 (1978)). 

In the first demons (ration of the concept of using 
sequence-specific, an ti sense oligonucleotides as regulators 
of gene expression and as chemotherapeutic agents. Zamec- 

^ nik and Stephenson, Proc. NatL Acad, ScL USA, 75:280 
(1978). showed that a small antisense oligodeoxy nucleotide 
probe can inhibit replication of Rous Sarcoma virus in cell 
culture, and that RSV viral RNA translation is inhibited 
under these conditions (Stephenson et al.. Proc. NatL Acad. 

45 ScL USA 75:285 (1978)). Zamecnik et al.. Proc. NatL Acad. 
ScL USA 83:4143 (1986). have also shown that oligonucle- 
otides complementary to portions of the HTV genome are 
capable of inhibiting protein expression and virus replication 
in cell culture. Inhibition of up to 95% was obtained with 
oligonucleotide concentrations of about 70 uM. Irnportantly, 
they showed with labeled phosphate studies that the oligo- 
nucleotides enter cells intact and arc reasonably stable to 
metabolism. 

Uncharged methylphosphonate oligodeoxynucleotides 
55 with a sequence complementary to the initiation codon 
regions of rabbit globin mRNA inhibited the translation of 
the mRNA in both cell-free systems and in rabbit reticulo- 
cytes (Blake et al.. Biochemistry 24:6139 (1985)). Another 
uncharged methylphosphonate oligonucleotide analog., an 
50 8-nucieotide sequence complementary to the acceptor splice 
junction of a mRNA of Herpes simplex virus. Type 1, can 
inhibit virus replication in intact Vcro ceils. However, fairly 
high conccntratioQs (>25 mM) of this noniooic probe were 
required for this inhibition. 
65 Although the impact of crosslinking oligonucleotides in 
the chemotherapeutic field might be of great significance, 
their impact in DNA probe-based diagnostics is of equally 
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great importance. The ability to covalently crosslink probe- 
target hybrids has the potential to dramatically improve 
background and sensitivity limits in diagnostic assays as 
well as permit novel assay formats. Specific innovations 
(discussed previously by Gamper et al.. NucL Acids Re$. y 14, 5 
9943 (1988)) include: 

(a) incorporation of a denaturing wash step to remove 
background; 

(b) use of the crosslink as an additional tier of discrimi- 
nation; 10 

(c) crosslinking occurring at or near the melting tempera- 
ture of the expected hybrid to insure exquisite speci- 
ficity and to substantially reduce secondary structure in 
the target, thereby increasing the efficiency of hybrid 
formation; and 15 

(d) novel solution hybridization formats as exemplified by 
the Reverse Southern protocol. 

The concept of aosslinking. however, suggests potential 
problems that must be circumvented. For instance, the 
oligonucleotide containing a crosslinking arm might 20 
covalently bond to the target sequence so readily that 
mismatching of sequences will occur, possibly resulting in 
host toxicity. On the other hand, the cross linking reaction 
must be fast enough to occur before correctly matched 
sequences can dissociate. 25 

This issue can be addressed by constructing an oligo- 
nucleotide that, upon hybridization, results in a duplex 
whose T m is just above the physiological temperature of 37° 
C. Thus, even a single mismatched base will prevent hybrid 
formation and therefore crossiinkagc. The optimization can 30 
be accomplished by judicious choice of oligonucleotide 
length and base cornposition. as well as position of the 
modified base within the probe. The probe must be loog 
enough, however, to insure specific targeting of a unique 
site. 35 

European Patent Application No. 86309090.8 describes 
the formation of chemically modified DNA probes such as 
5-substituted uridinyl in which the substituent does not 
crosslink but contains a chemical or physical reporter group, 
WO87076U describes a process for labeling DNA frag- 40 
ments such as by chemically modifying the fragment fol- 
lowed by reaction with a fluorescent dye. Yabusaki et ai. in 
U.S. PaL No. 4.599303 disclose a scheme for covalently 
cros slinking oligonucleotides such as by formation of furo- 
coumarin monoadducts of thymidine which are made to 45 
covalently bond to other nucleotides upon pfaotoexcitafion, 
EP 0259186 describes adducts of rnacromolccules and biotin 
which can be used as crosslinking nucleic acid hybridization 
probes. WO8503075 describes crosslinking disulfonic esters 
useful as nucleic acid fragmentation agents. DE33 10337 50 
describes the covalent crosslinking of single-stranded poly- 
nucleotides to such rnacromolccules as proteins with the 
resulting complex subsequendy used as a marker in hybrid- 
ization experiments in the search for complementary 
sequences in foreign polynucleotides. 55 

A need exists for probe oligonucleotides* consisting of 
sufficient base sequences to identify target sequences with 
high specificity, that are provided with one or more 
crosslinking arms which readily form covalent bonds with 
specific complementary bases. Such oligonucleotides may 60 
be used as highly selective probes in hybridization assays. 
The oligonucleotides may also be used as antisensing agents 
of RNAs. eg., in chemotherapy. 

SUMMARY OF THE INVENTION ^ 

This invention is directed to crosslinking agents which 
accomplish crosslinking between specific sites on adjoining 



strands of oligonucleotides. The crosslinking reaction 
observed is of excellent specificity. The invention is also 
directed to oligonucleotides comprising at least one of these 
crosslinking agents and to the use of the resulting novel 
oligonucleotides for diagnostic and therapeutic purposes. 

More particularly, the crosslinking agents of this inven- 
tion are derivatives of nucleotide bases with a crosslinking 
arm and are of the following formula (T): 
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R.-S-^CH.L-OO^CH^-A' CO 



wherein. 

R x is hydrogen, or a sugar moiety or analog thereof 
15 optionally substituted at its 3' or its 5' position with a 
phosphorus derivative attached to the sugar moiety by an 
oxygen and including groups Q x Q 2 and Q3. or with a 
reactive precursor thereof suitable for nucleotide bond for- 
mation; 

20 Qi is hydroxy, phosphate or diphosphate; 
Q 2 is=0 or =S: 

Q3 is CH 2 — R\ S — R\ 0 — R\ or N— RTT; 
each of R* and R" is independently hydrogen or chalky I; 
22 B is a nucleic acid base or analog thereof that is a 
component of an oligonucleotide; 
Y is a functional linking group; 
each of m and q is independendy 0 to S. inclusive; 
r is 0 or 1; and 
30 A 1 is a leaving group. 

The invention also provides novel oligonucleotides com- 
prising at least one of the above nucleotide base derivatives 
of formula T. 

35 Nucleotides of this invention and oligonucleotides into 
which the nucleotides have been incorporated may be used 
as probes. Since probe hybridization is reversible, albeit 
slow, it is desirable to ensure that each time a probe 
hybridizes with the correct target sequence, the probe is 

^ irreversibly attached to that sequence. The covalent 
crosslinking arm of the nucleotide bases of the present 
invention will permanently modify the target strand or 
cause depurination. As such, the oligonucleotides of this 
invention are useful in the identification, isolation, locaiiza- 

45 tion and/or detection of complementary nucleic acid 
sequences of interest in ceil-free and cellular systems. 
Therefore, the invention further provides a method for 
identifying target nucleic acid sequences, which method 
comprises utilizing an oligonucleotide probe comprising at 
least one of a labeled nucleotide base of the present inven- 

50 . 

uon. 

This invention also provides novel substituted pyrazolo 
[ 3 ,4-d]pyrirmdin es which are useful as a nucleotide base in 
preparing nucleosides and nucleotides, rather than the natu- 
55 ral purine or pyrimidine bases or the deazapurinc analogs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a modified dcoxyuridine residue of an 
oiigodeoxynucleotide crosslinked via an acetamidopropyl 

60 sidearm to a deoxyguanosine residue located two sites away 
from the complementary base along the S direction. 

FIG. 2 depicts an autoradiogram of 3a P labeled HPV 
target and crosslinked product following cleavage at the J 
side of the crosslinked guanosine. Lane 1: 32P-labeIcd 

65 15-mer size marker. Lane 2: 24 hour reaction at 20° C Lane 
3: 72 hour reaction at 20° C Lane 4: 24 hour reaction at 30° 
C Lane 5: 72 hour reaction at 30° C. Reactions were 



5 

guenched with 2-aminoetha0othiol and treated with pipcri- 
dine sol go to effect cleavage. 

FIG. 3 depicts an autoradiograra of 32P labeled HPV 
target and crosslinked product showing hybrid separation by 
denaturing polyacryiamide gel electrophoresis. Lane 1 : Coo- 5 
tiol 3:: P-iabeied CMV target. Lane 2: 24 hour reaction at 20 
° C Lane 3: 72 hour reaction at 20° C. Lane 4: 24 hour 
reaction at 30° C. Lane 5: 72 hour reaction at 30° C 
Reaction solutions were treated with 2-aminoethaaothiol, 10 
which quenches the iodoacetamido group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention provides novel substituted nucleotide 15 
bases with a crosslinldng arm which are useful in preparing 
nucleosides and nucleotides and arc useful as crosslinking 
agents. The substituted bases are of the following formula 
(T): 20 



R t — B — (CH^— <Y), — (CH 2 X* — A' (T) 
wherein, 

Rj is hydrogen, or a sugar moiety or analog thereof 
optionally substituted at its 3* or its 5* position with a 
phosphorus derivative attached to the sugar moiety by an 
oxygen and including groups Q x . Q 2 and Q 3 . or with a 
reactive precursor thereof suitable for nucleotide bond for- 30 
raatloa; 

Q x is hydroxy, phosphate or diphosphate; 
Q 2 is =0 or =S; 

is CH 2 — R\ S— R\ O— R\ or N—RTT; 35 
each of R' and R" is independently hydrogen or C lM6 aUcyl; 
B is a nucleic acid base or analog thereof that is a 

component of an oligonucleotide; 
Y is a junctional linking group; 

40 

each of m and q is independendy 0 to 8, inclusive; 

r is 0 or 1; and 

A' is a leaving group. 

In the practice of the present invention, the sugar moiety 
or analog thereof is selected from those useful as a corapo- 45 
nent of a nucleotide. Such a moiety may be selected from, 
for example, ribose, deoxyribose. pentose, deoxypentosc, 
hexose. deoxyhexosc. glucose, arabtnose, pentofuxanose, 
xylose, lyxose, and cyclopentyL The sugar moiety is pref- 
erably ribose, deoxyribose, arabinose or 2*-0-methylribose 50 
and embraces either anoraer, a or ^ 

The phosphorus derivative attached to the sugar moiety is 
conveniently selected from, for example, monophosphate, 
diphosphate, triphosphate, alkyl phosphate, 55 
alkanephosphonate, phosphorothioate, phosphorodithioate. 
and the like. 

A reactive precursor suitable for intemucleotide bond 
formation is one which is useful during chain extension in 
the synthesis of an oligonucleotide- Reactive groups par- 60 
ticuiariy useful in the present invention are those containing 
phosphorus. Phosphorus-containing groups suitable for 
intemucleotide bond formation axe preferably alkyl 1 
phosphor chioridites, alkyl phosphites or alkylphosphora- 65 \ 
midites. Alternatively, activated phosphate diestcrs may be \ 
employed for this purpose. 



The nucleic acid base or analog thereof (B) may be chosen 
from the purines, the pyrimidines. the deazapurines and the 
pyrazoiopyrimidines. It is preferably selected from uracii- 
5-yI, cytos in -5 -yL adenin-7-yi. adenin-S-yl guanin-7-yl. 

5 guanin-8-yl 4-amLflopynolo(23^pyrimidin-5-yi, 
2-amino-4-oxopy rrolo[ 2.3-d jpyrimidiii-5 - yl. 
4-aminopyrazolo(3.4-d}pyrimidin-3-yl or 4- amino -6- 
oxopyrazolo{3,4^]pyr£midin-3-yl. where the purines axe 

IQ attached to the sugar moiety of the oligonucleotides via the 
9-position, the pyrimidines via the l-position. the pyrrol- 
opyrimi dines via the 7-position and the pyrazolopyrirnidines 
via the 1-positioo. 
The functional linking group Y may be chosen from 

15 nucleophilic groups such as oxy, thio, amino or chemically 
blocked derivatives thereof, for example trifluoroacetamido. 
phthaiimido, CONR\ NR'CO. and SO^NR'. where R'=H or 
C^alkyl. Such functionalities, including aliphatic or aro- 

2Q matic amines, exhibit nucieophiiic properties and are 
capable of serving as a point of attachment of the — (CH^ 
m — A' group. Amino groups and blocked derivatives thereof 
are preferred 

The leaving group A' may be chosen from, for example, 
23 such groups as chloro. bromo. iodo, SO^R'". or S^R^R", 
where each of R'* and R"" is independently c 1-<6 alkyl or aryl 
or R'" and R"" together form a C^alkyiene bridge. Chloro, 
bromo and iodo are preferred The leaving group will be 
^ altered by its leaving ability. Depending on the nature and 
reactivity of the particular leaving group, the group to be 
used is chosen in each case to give the desired specificity of 
the irreversibly binding probes. 

Examination of double-stranded DNA by ball-and-stick 
35 models and high resolution computer graphics indicates that 
the 7-position of the purines and the 5-positioa of the 
pyrimidines lie in the major groove of the B-form duplex of 
double-stranded nucleic acids. These positions can be sub- 
stituted with side chains of considerable bulk without inter- 

40 

fering with the hybridization properties of the bases. These 
side arms may be introduced either by derivatization of 
dThd or dcyd or by straightforward total synthesis of the 
heterocyclic base, followed by glycosylation. These modi- 

45 fled nucleosides may be converted into the appropriate 
activated nucleotides for incorporation into oligonucleotides 
with an automated DNA synthesizer. With the pyrazolop, 
4-d]pyrimidines, which are analogs of adenine, the 
crosslinking arm is attached at the 3-position, which is 
equivalent to the 7-position of purine. 

The crosslinking side chain should be of sufficient length 
to reach across the major groove from a purine 7- or 
8-position. pyrimidinc 5-position. pyrrolopyrimidine 

55 5-position or pyrazolopyrimidine 3-position and reacting 
with the N-7 of a purine (preferably guanine) located above 
(on the oligomer 3 -side) the base pair containing the modi- 
fied analog. Thus, the side chain should be of at least three 
atoms, preferably of at least five atoms and more preferably 

60 of at least six atoms in length. A generally preferred length 
of die side chain is from about 5 to about 9 carbon atoms. 

To optimize strand crosslinking. it would be desirable to 
have the target strand base which is being attacked paired to 

&5 the first or second base which is on the 3' side of the modified 
base in the oligonucleotide containing the crosslinking arm. 
For example, in the case where the target strand base under 
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attack is a guanine, the target sequence for a probe cod tai fl- 
ing a modified uracil should contain the complement GZA 
(preferably GGA), where 2 is any base, with the probe 
oligonucleotide containing UZC (preferably UCC). where 
H is dUrd 5-substituted with the crosslinking arm. In oli- 
gonucleotides containing crosslinjring adenine derivatives, 
for example, the adeaine-modified &Z l C triplet would target 
GZ*T, where Z 1 is any base. 



It has been found that when the modified base containing 
the crosslinJdng arm is a uracii and the target sequence is 
GGA, alkylation of the second guanine on the target's 5' side 
of the crosslinker-modified base pair is the exclusive action 

15 

observed (as shown in FIG. 1). The crosslinkLng reaction 
seems to be very specific for the "best fit" of eiectrophile to 
nucleophile, i.e., two or more guanine residues may need to 
neighbor the complement of the modified base to discover 
the site of alicylation. 20 

Two classes of modified 2'-deoxynucleosides have dem- 
onstrated particular usefulness in the present invention for 
incorporation into oligonucleotides as sequence-<iirected 
CTOSslinking agents. The first class is the 5-substituted-2*- 25 
deoxyuri dines whose general structure is presented below: 



The 5^substiojted>2^oxyuridines may be prepared by 
the routes shown in Schemes 1 and 2. 
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Scheme 1 
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deoxyribose 
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Scheme 1 
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For example, the general procedure of Robins et al. {J. 
Can. J. Cherry 60:554 (1982); J. Ot%. Chem.. 48:1854 

15 (1983)) may be adapted, as shown in Scheme 1. to the 
palladium-mediated coupling of a substituted 1-alkyae 
(XXI) to 5-iodo-2'-deoxyuridine (XX) to give the acetyle De- 
coupled product (XXH). The acetyleaic dUrd analog XXU is 
reduced, with Raney nickel for example, to give the satu- 

20 rated compound (XXIII). which is then used for direct 
conversion to a reagent for use on an automated DNA 
synthesizer, as described below. 



30 



Schema 2 
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CH-CH 2 -(CH 2 V 2 -r 
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^CH-CCHj^i-r 



55 



60 



65 



I 

deoxyribose 
(XXVTE) 

V 

(XXDT) 

When 5-chlor omercuric-2*-dcoxyuxidine (XXIV) is used 
as a starting compound, it cannot be directly coupled to an 
olefin group to give the olefinic compound (XXVH) by 
palladium-catalyzed coupling with functionalizcd olefins. 
Instead, as shown in Scheme 2. a substituted alkene (XXV) 
and 5-chloromercurio-2*-dcoxyuridine (XXIV) arc reacted 
together with methanol to give the alpha-methoxy adduct 
(XXVT). which is converted to the olefinic compound 
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XXVII by trifiuoroacetic acid and triftuoroacetic anhydride. 
Reductioa gives the saturated compound (XXJH), to be 
converted to the DNA synthesizer-ready reagent as 
described below. 

The second class of modified nucleoside is a group of 
2'-deoxy-4-aim^opyrazolo(3,4Kljpyiirm^iine derivatives. 
The general structure of these derivatives is presented 
below: 



m 2 (CH^-OO.-CCH^-A' 



N N 




HO 



10 



15 



20 



in 



The above compounds are derived from a novel group of 
derivatives of 3.4-disubstituted and 3. 4.6-tri substituted 
pyrazolo[3,4-d]pyrixnidines. The 3.4-di- substituted and 3,4. 
6-trisubstituted pyrazoio{ 3,4-d}pyriimdines and their syn- 25 
thesis are disclosed in commonly owned, copending appli- 
cation Ser. No. 250,474, the entire disclosure of which is 
incorporated herein by reference. They have the following 
formula (T): 



30 




35 



wherein, 

Ri is hydrogen, or a sugar moiety or analog with a 
phosphorus derivative attached to the sugar moiety by an 40 
oxygen and including groups Q : Q, and Q 3 , or with a 
reactive precursor thereof suitable for nucleotide boad for- 
mation; provided that when R 3 is hydrogen, then R cannot 
be hydrogen; 

45 

Q L is hydroxy, phosphate or diphosphate; 
Q 2 is =0 or =S; 

Q 2 is CH 2 — R\ S—R\ O — R*. or N — R'R"; 

each of R' and R" is independently hydrogen or C^alkyl; 

R 3 is hydrogen or the group — W — (X)„ — A; 50 

each of W and X is independently a chemical linker arm; 

A is an intercalator. a metal Ioq chelator, an electrophilic 
crossliaker. a photoactivatable crosslinker. or a reporter 
group; 55 

each of R 4 and R^ is independently H, OR. SR, NHOR. 
NH 2 . or NHCCHJJCffl^ 

R is H or C^aikyl; 

n is zero or one; and 

t is zero to twelve. 6o 
The synthesis of 3.4-4isubstituted and 3A6-trisubstiojted 
pyrazc4o(3,4^pyriimduie nucleosides and their use as 
reagents for incorporation into nucleic acids cither eazy- 
matically or via chemical synthesis offers several advantages 
over current procedures. The de novo chemical synthesis of 65 
the nucleotide allows for the incorporation of a wide range 
of functional groups (e.g., NH 31 SH, OH, halogen. COOH. 



10 

CN. CONH 2 ) and the use of different sugar moieties. Also, 
adenine, guaoine. and hypoxanthine analogs are obtained 
from a single nucleoside precursor. And, the synthesis does 
not require the use of toxic heavy metals or expensive 
5 catalysts. 

In the practice of the present invention, the sugar moiety 
or its analog is selected from those useful as a component of 
a nucleotide. Such a moiety may be selected from, for 
example, pentose, deoxypentose* jjexosc. deoxyhexose, 
ribose. deoxyribose, glucose, arabinose, pentofuranose. 

10 xylose, iyxose, and cyciopentyl. The sugar moiety is pref- 
erably ribose, deoxyribose, arabinose or 2*-0-memyhibose 
and embraces either anomer, a or 

The phosphorus derivative attached to the sugar moiety is 
conveniently selected from, for example, monophosphate, 

15 diphosphate, triphosphate, alkyl phosphate, 
alkanephosphonate, phosphorothioate. phosphorodithioate. 
and the like. 

A reactive precursor suitable for internucieotide bond 
formation is one which is useful during chain extension in 

20 the synthesis of an oligonucleotide. Reactive groups par- 
ticularly useful in the present invention are those containing 
phosphorus- Phosphorus-containing groups suitable for 
internucieotide bond formation are preferably aUcyi 
phosphorchloridites. alkyl phosphites or aikylphosphora- 

25 miditcs. Alternatively, activated phosphate dicstcrs may be 
employed for this purpose. 

In the above formula L a chemical linker arm (W aloae or 
together with X) serves to make the functional group (A) 
more able to readily interact with antibodies, detector 

30 proteins, or chemical reagents, for example. The linkage 
holds the functional group away from the base when me base 
is paired with another within the double-stranded complex. 
Linker arms may include alkylene groups of 1 to 12 carbon 
atoms, alkenylene groups of 2 to 12 carbon atoms and 1 or 

35 2 olefinic bonds, alkynyiene groups of 2 to 12 carbon atoms 
and 1 or 2 aceryleoic bonds, or such groups substituted at a 
terminal point with nucieophilic groups such as oxy, thio. 
amino or chemically blocked derivatives thereof (e.g., 
trifluoroacetarnido. phthaiimido. CONR\ NK'CO, and 

40 SO^NR'. where R=H or C t ^aikyl). Such functionalities, 
including aliphatic or aromatic amines, exhibit nucieophilic 
properties and are capable of serving as a point of attach- 
ment of the functional group (A). 

The linker arm moiety (W alone or together with X) is 

45 preferably of at least three atoms and more preferably of at 
least five atoms. The terminal nucieophilic group is prefer- 
ably amino or chemically blocked derivatives thereof. 

Intcrcaiators are planar aromatic bi-. tri- or poiycyclie 
molecules which can insert themselves between two adja- 

50 cent base pairs in a double-stranded helix of nucleic acid. 
Iatercalators have been used to cause frameshift mutations 
in DNA and RNA. It has also recently been shown that when 
an intercalator is covalently bound via a linker arm 
("tethered") to the end of a deoxyoligonucieotide, it 

55 increases the binding affini ty of the oligonucleotide for its 
target sequence, resulting in strongly enhanced stability of 
the complementary sequence complex. At least some of the 
tethered intercalators also protect the oligonucleotide 
against exonucleases, but not against endonucleases. See. 

60 Sun et aL, Nucleic Acids Res^ 15:614^-6158 (1987); Le 
Doan ct aL, Nucleic Acids Res^ 15:7749-7760 (1987). 
Examples of tetherable intercalating agents are 
oxazolopyridocarbazoie, acridine orange, proflavine, acri- 
flavine and derivatives of proflavine and acridine such as 

63 3-azido-6-(3-bromopropylamino)acricUne. 3-amino-6-(3- 
bromopentylamino)-acricLine. and 3-mcmoxy-6-chloro-9-(5- 
hydroxypentylaimno)acridine. 
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Oligonucleotides capable of crosslinking to the comple- 
mentary sequence of target nucleic acids are valuable in 
chemotherapy because they increase the efficiency of inhi- 
bition of MRNA translation or gene expression control by 
covalent attachment of the oligonucleotide to the target 5 
sequence. This can be accomplished by crosslinking agents 
being covaientiy attached to the oligonucleotide, which can 
then be chemically activated to form crosslinkages which 
can then induce chain breaks in the target complementary 
sequence, thus inducing irreversible damage in the 10 
sequence. Examples of eiectrophilic crosslinking moieties 
include alpha-halocarbonyl compounds. 
2-cMofoe&yiamines and epoxides. 

When oligonucleotides comprising at least one nucleotide 
base moiety of the invention are utilized as a probe in 15 
nucleic acid assays, a label Is attached to detect the presence 
of hybrid polynucleotides. Such labels act as reporter groups 
and act as means for detecting duplex formation between the 
target nucleotides and their complementary oligonucleotide 
probes. 20 

A reporter group as used herein is a group which has a 
physical or chemical characteristic which can be measured 
or detected. Detectabtlicy may be provided by such charac- 
teristics as color change, luminescence, fluorescence, or 
radioactivity; or it may be provided by the ability of the 25 
reporter group to serve as a ligand recognition site. 

The pyra2olopyrimidines of the present invention of for- 
mula I where R t is hydrogen may be prepared by the 
procedures outlined below and as set forth by Kobayashi in 
Chenu Pharrn. 8ulL, 21:941-951 (1973). the disclosure of 30 
which is incorporated herein by reference. 

(IT) (in) ^ (TV) ^ 35 

1 H2NNH2— H 2 0^ 

CH30-C=C(CKh ~-> 

CO 

40 

NC R 3 

/ cooc. H2SO4 ^ 

N 

(VI) 45 
H2NOC R 3 



50 



H 
(VH) 



2n general, malononitrile (HI) is treated with acyl haiide 
(II) in the presence of a base to yield acyLmalononitrile (IV), 55 
which is subsequently methylated with dimethyl sulfate or 
diazomethane, for example, to give the substituted meth- 
oxyTnethylenemalononitrilc (V). This compound is then 
reacted with hydrazine hydrate in boiling alcohol to give the 
3-substimted-5-arninc^yra2ole^carbonitrile (VI). which is 60 
treated with cold concentrated sulfuric acid to give the 
3-substimted-5-arximopyra2olc^<artw>xarnide (VII). 

The carboxamide (VII) may alternatively be prepared by 
treating cyanoacctaroide (XH) with acid haiide (ID to give 
the acylcyanoacetamide (X3H), which is then methylated. 65 
and the resulting methoxy compound (XXV) is reacted with 
hydrazine hydrate. 
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R3COC1 + CH2-C-NH; - > 

I 

5 CN 

(IT) cxn) 

R 3 O 
( 11 

HO— C=C — C— NH2 ^> 

i 

10 CN 
(X3S) 

R 3 O 
1 I! 

IS CH3O— C=C— C— KHj 

CN 
(XIV) 



20 



V 



Syntheses of pyrazolo{3.4^pyrirmdines are accom- 

25 plished from the two pyrazole intermediates. VI and VH. 
Thus. 3.4-disubstituted pyra2c4o{34^pyrimidines (VHI 
and X) are obtained by Creating the corresponding VI and 
VH with boiling formamide. Alternatively. VI may be 
treated with cSaikoxymethyl ester of a carboxyiic acid, at 

30 room temperature or above room temperature, and then with 
ammonia to give VHL and VH may be treated with 
dialkoxymcthyl ester of a carboxyiic acid (without subse- 
quent ammonia treatment), at room temperature or above 
room temperature, to give compound X. 3.4,6-Trisubstituted 

35 pyrazoio(3.4^pyrimidines (IX and XI) are obtained by 
fusing the corresponding VI and VH with urea and thiourea 
(H^X—Ra (where is 0 or S). Alternatively. VI and 
VII may be treated wish an alkyl xanthatc salt such as 
potassium ethyl xanthatc and with alkyl halide such as 

43 methyl iodide, at a temperature above room temperature, 
followed by oxidation by a peroxide such as 
fa-chloroperbenzoic acid (MCPBA) and subsequent treat- 
ment with ammonia to give IX and XI respectively, where 
is NH,. 
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The compounds of formula I may be recovered from the 
reaction mixture in which they are formed by established 
65 procedures. 

In the compounds of formula I where is a sugar moiety, 
the sugar may be either added to the 1-position of the 
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pyrazole VI or VH prior to further treatment or added to the 

1- positioa of the pyrazoio(3.4-d|pyrimidine VHX IX. X or 
XL To add the sugar, the pyrazole or pyrazolopyrimidine is 
treated with sodium hydride and then with the glycosyl 
haiide of the blocked sugar. 5 

Oligonucleotides of the present invention may comprise 
at least one and up to all of their nucleotides from the 
substituted pyrazolo(3.4-^pyriimdines of formula I and/or 
at least one and up to all of their nucleotides from the 
substituted nucleotide bases of formula I. 10 

To prepare oligonucleotides, protective groups are intro- 
duced onto the nucleosides of formula I or formula T and the 
nucleosides are activated for use in the synthesis of oligo- 
nucleotides. The conversion to protected, activated forms 
follows the procedures as described for 2'-deoxynucieosides is 
in detail in several reviews. See. Sonveaux. Bioorgantc 
Chemistry. 14: 274-325 (1986); Jones, in "Oligonucleotide 
Synthesis, a Practical Approach", M. J, Gait. Ed., WL Press, 
p. 23-34 (1984). 

The activated nucleotides are incorporated into oligo- 20 
nucleotides in a manner analogous to that for DNA and RNA 
nucleotides, in that the correct nucleotides will be sequen- 
tially linked to form a chain of nucleotides which is comple- 
mentary to a sequence of nucleotides in target DMA or RNA. 
The nucleotides may be incorporated either eazymaticaily or 25 
via chemical synthesis. The nucleotides may be converted to 
their 5'O-dimethoxytrity 1-3' -(N.N-diisopropyl) 
phosphoramidite cyanoethyl ester derivatives, and incorpo- 
rated into synthetic oligonucleotides following the proce- 
dures in "Oligo nucleotide Synthesis: A Practical Approach". 30 
supra. The N-protecting groups are then removed, along 
with the other oligonucleotide blocking groups, by post- 
synthesis anrinolysis. by procedures generally known in the 
art 

In a preferred embodiment, the activated nucleotides may 35 
be used directly on an automated DNA synthesizer accord- 
ing to the procedures and instructions of the particular 
synthesizer employed. The oligonucleotides may be pre- 
pared on the synthesizer using the standard commercial 
phosphoramidite or H-phosphonate chemistries. 40 

In another preferred embodiment, the amino- 
pymolopyrimidine nucleotide triphosphates may substitute 
for an adenine using the nick translation procedure, as 
described by Langer et al. Proc, Natl. Acad. ScL USA. 
78:6633-6637 (1981), the disclosure of which is incorpo- 45 
rated herein by reference. 

The leaving group, such as a haloacyl group, may be 
added to the aminoaikyi tails ( — CH^ — Y) following 
incorporation into oligonucleotides and removal of any 
blocking groups. For example, addition of an 50 
a-haloacetamide may be verified by a changed mobility of 
the modified compound on HPLC corresponding to the 
removal of the positive charge of the amino group, and by 
subsequent readdition t>f a positive charge by reaction with 

2- amino-ethanethioi to give a derivative with reverse phase 55 
HPLC mobility similar to the original aminoaikyi- 
oligonucleotide. 

In specific embodiments, each of the following electro- 
philic leaving groups were attached to an aminopropyl oup 
on human papillomavirus (HPV) probes: bromoacctyl, 60 
iodoaceryl and the less reactive but conformationally more 
flexible 4-bromobutyryl. Bromoacctyl and iodoacctyl were 
found to be of equal reactivity in cros^Iiniring. 

An oligonucleotide probe according to the invention 
includes at least one labeled substituted pyrazolo{3.4~ 65 
ilpyriraidine nucleotide moiety of formula I and/or at least 
one labeled substituted nucleotide base of formula T. 
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Probes may be labeled by any one of several methods 
typically used in the art A common method of detection is 
the use of autoradiography with ^H. 123 L 33 S. 14 C. or 32P 
labeled probes or the like. Other reporter groups include 
5 iigands which bind to antibodies labeled with fluorophores. 
chemiiuminescent agents, and enzymes. Alternatively, 
probes can be conjugated directly with labels such as 
fluorophores, chemilumine scent agents, enzymes and 
enzyme substrates. Alternatively, the same components may 
10 be indirectly bonded through a Hgand-antuUgand complex, 
such as antibodies reactive with a Kgand conjugated with 
labeL The choice of label depends on sensitivity required, 
ease of conjugation with the probe, stability requirements, 
and available instrumentation. 
15 The choice of label dictates the manner in which the label 
is incorporated into the probe. Radioactive probes are typi- 
cally made using commercialry available nucleotides con- 
taining the desired radioactive isotope. The radioactive 
nucleotides can be incorporated into probes, for example, by 
20 using DNA synthesizers, by nick-translation, by tailing of 
radioactive bases to the 3 f end of probes with terminal 
transferase, by copying M13 plasmids having specific 
inserts with the Klenow fragment of DNA polymerase in the 
presence of radioactive dNTP's, or by transcribing RNA 

25 from templates using RNA polymerase in the presence of 
radioactive rNTP's. 

Non-radioactive probes can be labeled directly with a 
signal (e.g., fluorophore. chemilurainescent agent or 
enzyme) or labeled indirectly by conjugation with a ligand. 

30 For example, a ligand molecule is covalently bound to the 
probe. This ligand then binds to a receptor molecule which 
is either inherently detectable or covalently bound to a 
detectable signal, such as an enzyme or photoreactivc com- 
pound. Iigands and antiligands may be varied widely. 

35 Where a ligand has a natural "anuligand". namely Iigands 
such as biotin. thyroxine, and Cortisol, it can be used in 
conjunction with its labeled naturally exxurring antiligand. 
Alternatively, any haptenic or antigenic compound can be 
used in combination with a suitably labeled antibody. A 

40 preferred labeling method utilizes biotin-labeied analogs of 
oligonucleotides, as disclosed in Langer et aL, Proc. NaxL 
Acad, ScL USA 78:6633-6637 (1981). which is incorpo- 
rated herein by reference. 

Enzymes of interest as reporter groups will primarily be 

45 hydrolases, particularly phosphatases, esterases, ureases and 
glycosidases, or oxidoreductases, particularly peroxidases. 
Fluorescent compounds include fluorescein and its 
derivatives, rhodaminc and its derivatives, dansyl. 
umbclliferone. rare earths, etc Chemnurninescers include 

50 luciferin, acridinium esters and 2.3- 
dmydrophthalazinediones, e.g.. luminol. 

The specific hybridization conditions are not critical and 
will vary in accordance with the investigator's preferences 
and needs. Various hybridization solutions may be 

55 employed, comprising from about 20% to about 60% 
volume, preferably about 30%. of a polar organic solvent, A 
common hybridization solution employs about 30-60% v/v 
formamide. about 0 J to IM sodium chloride, about 0.05 to 
0.1M buffers, such as sodium citrate. Tris HQ. PIPES or 

60 HBPES. about 0.05% to 0.5% detergent, such as sodium 
dodecylsulfate. and between 1-10 mM EDTA. 0.01% to 5% 
ficoU (about 300-500 kdal), 0.1% to 5% polyvinylpyrroli- 
done (about 250-500 kdal). and 0.01% to 10% bovine serum 
albumin- Also included in the typical hybridization solution 

65 will be unlabeled carrier nucleic acids from about 0.1 to 5 
mg/ml. e.g., partially fragmented calf thymus or salmon 
sperm. DNA. and/or partially fragmented yeast RNA and 
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optionally from about 0.5% to 2% wtTvoL glycine. Other 
additives may also be included, such as volume exclusion 
agents which include a variety of polar water-soluble or 
sweliable agents, such as anionic polyacrylate or 
polymethylacrylate, and charged saccharidic polymers, such 5 
as dextran sulfate. 

The particular hybridizatioa technique is not essential to 
the invention. Hybridization techniques are generally 
described in "Nucleic Acid Hybridization. A Practical 
Approach". Hames and Higgins. Eds.. ERL Press. 1985; Gall 10 
and Pardue, Proc. NatL Acad. ScL U.SA^ 63:378-383 
(1969); and John et aL. Nature, 223:582-587 (1969). As 
improvements are made in hybridization techniques, they 
can readily be applied. 

The amount of labeled probe which is present in the 15 
hybridization solution may vary widely. Generally, substan- 
tial excesses of probe over the stoichiometric amount of the 
target nucleic acid will be employed to enhance the rate of 
binding of the probe to the target DNA. 

Various degrees of stringency of hybridization can be 20 
employed. As the conditions for hybridization become more 
stringent, there must be a greater degree of complementarity 
between the probe and the target for the formation of a stable 
duplex. The degree of stringency can be controlled by 
temperature, ionic strength, the inclusion of polar organic 25 
solvents, and the like. For example, temperatures employed 
will normally be in the range of about 20° to 80° C, usually 
25° to 75° C For probes of 15-50 nucleotides in 50% 
formamide. the optimal temperature range can vary from 
22°-65° C With routine experimentation, one can define 30 
conditions which permk satisfactory hybridization at room 
temperature. The stringency of hybridization is also conve- 
niently varied by changing the ionic strength and polarity of 
the reactant solution through manipulation of the concen- 
tration of formamide within the range of about 20% to about 35 
50%. 

Treatment with ultrasound by immersion of the reaction 
vessel into commercially available sonication baths can 
oftentimes accelerate the hybridization rates. 

After hybridizatioa at a temperature and time period 40 
appropriate for the particular hybridization solution used, 
the glass, plastic, or filter support to which the probe-target 
hybrid is attached is introduced into a wash solution typi- 
cally containing similar reagents (e.g.. sodium chloride, 
buffers, organic solvents and detergent), as provided in the 45 
hybridization solution. These reagents may be at similar 
concentrations as the hybridization medium, but often they 
are at lower concentrations when more stringent washing 
conditions are desked. The time period for which the 
support is maintained in the wash solutions may vary from 50 
minutes to several hours or more. 

Either the hybridization or the wash medium can be 
stringent. After appropriate stringent washing, the correct 
hybridization complex may now be detected in accordance 
with the nature of the labeL 55 

The probe may be conjugated directly with the labeL For 
example, where the label is radioactive, the support surface 
with associated hybridization complex substrate is exposed 
to X-ray film. Where the label is fluorescent, the sample is 
detected by first irradiating it with light of a particular 60 
wavelength. The sample absorbs this light and then -emits 
light of a different wavelength which is picked up by a 
detector ("Physical Bic*±emisuy\ rTeifeldcr. D.. W. H. 
Freeman & Co.. 1982. pp. 537-542). Where the label is an 
enzyme, the sample is detected by incubation with an 65 
appropriate substrate for the enzyme. The signal generated 
may be a colored precipitate, a colored or fluorescent soluble 
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material, or photo as generated by bioluminescence or 
cherailuminescence. The preferred label for dipstick assays 
generates a colored precipitate to indicate a positive reading. 
For example, alkaline phosphatase will dephosphoryiate 

5 indoxyl phosphate which the a will participate in a reduction 
reaction to convert tetrazolium salts to highly coiored and 
insoluble fonnazans. 

Detection of a hybridization complex may require the 
binding of a signal generating complex to a duplex of target 
and probe polynucleotides or nucleic acids. Typically, such 

i0 binding occurs through ligand and antiligand interactions as 
between a ligand-conjugated probe and an antiligand con- 
jugated with a signal. The binding of the signal generation 
complex is also readily amenable to accelerations by expo- 
sure to ultrasonic energy. 

15 The label may also allow indirect detection of the hybrid- 
ization complex. For example, where the label is a hapten or 
antigen, the sample can be detected by using antibodies. In 
these systems, a signal is generated by attaching fluorescent 
or enzyme molecules to the antibodies or in some cases, by 

20 attachment to a radioactive labeL (Ttjssen. P., "Practice and 
Theory of Enzyme Immunoassays, Laboratory Techniques 
in Biochemistry and Molecular Biology". Burdon. R. H., 
van Knippcnberg. P. H., Eds., Elsevier, 1985, pp. 9-20). 
The amount of labeled probe present in the hybridization 

25 solution may vary widely, depending upon the nature of the 
label, the amount of the labeled probe that can reasonably 
bind to the cellular target nucleic acid, and the precise 
stringency of the hybridization medium and/or wash 
medium, Generally, substantial probe excesses over the 
stoichiometric amount of the target will be employed to 

30 enhance the rate of binding of the probe to the target nucleic 
acids. 

The invention is also directed to a method for identifying 
target nucleic acid sequences, which method comprises 
utilizing an oligonucleotide probe including at least one 
35 labeled substituted nucleotide moiety of formula I and/or 
formula I*. 

In one embodiment, the method comprises the steps of: 
(a) denaturing nucleic acids in the sample to be tested; 
^ (b) hybridizing to the target nucleic acids an oligonucle- 
otide probe including at least one labeled substituted 
nucleotide moiety of formula I or formula t\ wherein 
the probe comprises a sequence complementary to that 
of the target nucleic acids; 
43 (c) washing the sample to remove unbound probe; 

(d) incubating the sample with detection agents; and 

(e) inspecting the sample. 

The above method may be conducted following proce- 
dures well known in the art 

30 An assay for identifying target nucleic acid sequences 
utilizing an oligonucleotide probe including at least one 
labQltd substituted nucleotide moiety of formula I and/or 
formula X and comprising the above method is contemplated 
for carrying out the invention. Such an assay may be 

55 provided in kit form. For example, a typical kit will include 
a probe reagent component comprising an oligonucleotide 
including at least one labeled nucleotide moiety of formula 
I or formula I, the oligonucleotide having a sequence 
complementary to that of the target nucleic acids; a dena- 

60 taxation reagent for converting double-stranded nucleic acid 
to single-stranded nucleic acid; and a hybridization reaction 
mixture. The kit can also include a signal-generating system, 
such as an enzyme for example, and a substrate for the 
system* 

65 The following examples are provided to illustrate the 
present invention without limiting same. "KT" means room 
temperature. 
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General 

Thin layer chromatography was performed oa silica gel 
60 F 254 plates (Analtech) using the following solvent 
mixtures: A- 90% methylene chloride: 10% methanol; B- 
50% ethyl acetate:50% hexanes; C- 70% ethyl acetate: 10% 5 
methanol: 10% water:10% acetone; D- 50% ether:50% hex- 
anes. Flash chromatography was performed using 60 F 254 
silica (Merck). Oligonucleotides were synthesized on an 
Applied Biosystems Model 380B Synthesizer. Oligonucle- 
otides were isotopicaliy labeled using T4 Polynucleotide 10 
kinase (BRL) and t- 32 P-XTP (New England Nuclear). 

EXAMPLE 1 

6^Tritylaraino)caproic Acid 

6-Aminocaproic acid (26 g. 0.2 mole) was dissolved in 
dichlororaethane (200 mL) by the addition of triethylamine 
(100 mL). Trityl chloride (120 g. 0.45 mole) was added and 
the solution stirred for 36 hn The resulting solution was 
extracted with IN HQ and the organic layer evaporated to 20 
dryness. The residue was suspended in 2-propanol/lN 
NaOH (300 raL/lQO mL) and refluxed for 3 hr. The solution 
was evaporated to a thick syrup and added to dichlo- 
roraethane (500 mL). Water was added and acidified The 
phases were separated, and the organic layer dried over 25 
sodium sulfate and evaporated to dryness. The residue was 
suspended in hot 2-propanoL cooled, and filtered to give 
43.5 g (58%) of 6Xtrityl-arnino)caproic acid, useful as an 
intermediate compound. 

30 

EXAMPLE 2 

5-(Tritylamino) 
pe nty Ihydroxymethyienemalo oonitrile 

To a dichloromethane solution of 6^triryiainino)-caproic 35 
acid (20.0 g. 53 mraole) and triethylamine (20 mL) in an ice 
bath was added dropwise over 30 rain isobutyl- 
chloroformate (83 mL. 64 mmoie). After the mixture was 
stirred for 2 hr in an ice bath, freshly distilled malononitrile 
(4.2 g. 64 mmole) was added all at once. The solution was 40 
stirred for 2 hr in an ice bath and for 2 hr at KT. The 
dichlororaethane solution was washed with ice cold 2N HQ 
(300 mL) and the biphasic mixture was filtered to remove 
product that precipitated (132 g). The phases were separated 
and the organic layer dried and evaporated to a thick syrup. 45 
The syrup was covered with dichloromethane and on stand- 
ing deposited fine crystals of product The crystals were 
filtered and dried to give 63 g for a total yield of 19.5 g 
(87%) of the product, which is useful as an intermediate. 

50 

EXAMPLE 3 

5-{Trirylamino) 
pentylmerhoxyinemylenemaloflonitrile 

A suspension of the malononitrile of Example 2 ( 13 g. 3 1 55 
mmoie) in ether/dicnloromethane (900 mL/100 mL). cooled 
in an ice bath, was treated with a freshly prepared ethereal 
solution of diazomemane (from 50 mmole of Diazald® 
(Aldrich Chemical Company)). The solution was stirred for 
6 hr and then neutralized with acetic acid (10 mL). The 60 
solution was evaporated to dryness and the residue chro- 
matographed on silica gel using dichloromethane/aceione 
(4/1) as the eluent. Fractions containing product were pooled 
and evaporated to a syrup. The syrup was triturated with 
dichloromethane to induce crystallization. The crystals were 65 
filtered and dried to give 83 g (61%) of chromatographically 
pure product, useful as an intermediate compound. 
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EXAMPLE 4 



5- Amino-3 -f (5 -trity laraino)pen tyl ]pyrazole-4- 
carbonitrile 

5 To a methanol solution (100 mL) of the product of 
Example 3 (7.0 g. 16 mmole) in an ice bath was added 
hydrazine monohydrate (7.8 mL. 160 mmole) drop wise over 
15 min. After stirring for 30 rain in an ice bath, the solution 
was evaporated to dryness. The residue was suspended in 

10 cold methanol and filtered to give 7.1 g (100%) of 5-amino- 
3-{(5-trityiajnoiaio)r^ncyl]py^ useful as 

an intermediate, after drying. An analytical sample was 
prepared by recrystallizaxion from water. 

15 EXAMPLE 5 

5- Amino- H2-deoxy-3,5-di-Q-toiuoyI-^- 
£-erythror^ntofuranosyi)-3-((5-tritylarnino) 
pentyllpyrazole-4-<^rboriitrile 

20 An ice cold solution of the carbonitrile from Example 4 
(3.5 g. 8 mmoie) was treated with sodium hydride and stirred 
for 30 rain at 0°-4° C. l-Chloro-l^-dideoxy-3 J-di-O- 
toluoylribofuranose was added and the solution stirred for 1 
hr at Q°^4° C The solution was poured into a saturated 

25 solution of sodium bicarbonate and extracted with dichjo- 
romethane. The organic layer was dried over sodium sulfate 
and evaporated to dryness. The residue was Sash cnromato- 
graphed on silica gel using toluene/ethyl acetate (5/1) as 
eiuent. Two major products were isolated and identified as 

30 the N- 1 and N-2 isomers in 57% (3.6 g) and 20% (L2 g) N- 1 
and N-2 yields, respectively. Approximately 1 g of a mixture 
of N-l and N-2 isomers was also collected. Overall yield of 
glycosylated material was 5.8 g (92%). The N-l isomer. 
5-amino-l-(2-deoxy-3.5-di-0-toiuoyI-fS- 

35 n-erytrtfopentofiu*anosyi)-3-[(5-tri 

pyrazole-4-carbonitrile. was used without further purifica- 
tion in Example 6. 
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EXAMPLE 6 

l-(2-Deoxy-£- 
D-erythr opentof\u^nosyl>3-[5-(dicylamino)-pe ntyi ] 
p yrazolol 3 ,4-d]pyrirmdm famine 

To a toluene (100 mL) solution of the pyrazoic-4- 
45 carbonitrile of Example 5 (3.5 g, 4.4 mmole) was added 
diethoxym ethyl acetate (1.1 mL, 6.7 mmole). The solution 
was kept at 80 Q -90° C. for 5 hr and then evaporated to a 
syrup. The syrup was dissolved in dichloromemane (10 mL) 
and added to ice cold mcthanolic ammonia (100 mL) in a 
50 glass pressure bottle. After two days at KT the contents of the 
bottle were evaporated to dryness. The residue was dis- 
solved in methanol and adjusted to pH 8 with freshly 
prepared sodium methoxide to complete the deprotection. 
After stirring overnight the solution was treated with 
55 Dowex®-50 H+ resin, filtered, and evaporated to dryness. 
The residue was chromatographed on silica gei using 
acetone/hexane (3/2) as eluent to give 2.0 g (77%) of 
analytically pure product. 

6q EXAMPLE 7 

I-(2-Deoxy-£- 
* £-erytru-opentofuranosyl)-3-{5-(a^ 

pyrazolo[3.4-^pyrimia^n-4-ainine S 1 - 
65 monophosphate 

To an ice cold solution of the pyrazolopyrimidm^arnine 
of Example 6 (250 mg. 0.43 mmole) in trimcmyi phosphate 
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(5 mL) was added phosphoryl chloride (50 uL) and the 
solution was kept at 0°~4° C The reaction was monitored by 
reversed phase HPLC using a linear gradient from 0 to 100% 
acetonitrile in water over 25 min. After stirring for 5 hr, an 
additional aliquot of phosphoryl chloride (25 uL) was added 5 
and the solutioa was stirred another 30 min. The solution 
was poured into 0.1M ammonium bicarbonate and kept in 
the cold overnight. The solution was then extracted with 
ether and the aqueous layer evaporated to dryness. The 
residue was dissolved in water {5 mL) and purified by 10 
reversed phase HPLC using a 22mm x50cm C18 column. 
The column was equilibrated in water and eluted with a 
gradient of 0 to 100% acetonitrile over 20 min. Fractions 
containing the desired material were pooled and lyophilized 
to give 160 mg (56%) of chromatograpriically pure nucle- 15 
otide. 



EXAMPLE 8 

l-(2-Deoxy-^D-erythropentofuranosyi) -3-{5-[ (6- 20 
biotinamido>hexanamido]pentyi)pyrazoio[3.4- 
djpyrimidin -famine 5'-monophosphate. 



An ethanol solution (10 mL) of the nucleotide of Example 
7. palladium hydroxide 00 carbon (50 mg), and cyclohexa- 
dicne (1 mL) was refluxcd for 3 days, filtered, and evapo- 
rated to dryness. The residue was washed with 
dichloromethane. dissolved in DMF (1.5 mL) containing- 
triethylarnine (100 mL), and treated with N-hydroxy- 
sucxnnimidyi biotinylarainocaproate (50 mg). After stirring 
overnight an additional amount of N-hydroxysucrinimidyi 
6-biotinamidocaproate (50 mg) was added and the solution 
was stirred for 18 hr. The reaction rnixture was evaporated 
to dryness and chromatographed following the procedure in 
Example 7. Fractions were pooled and lyophilized to give 80 
mg of chromatographicaily pure biotinarnldo- substituted 
nucleotide. 
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EXAMPLE 9 



i-(2-Deoxy-£- *o 
D-erytliropentofuraQOsyl)-3-[5-(6-biotinamido)~ 
hexanamidopenty l]pyrazoio[3 .4- 
^pyrirmdiii famine 5 t -triphosphate, 

The monophosphate of Example 8 (80 mg. ca. 0. 1 mraole) 45 
was dissolved in DMF with the addition of rriemylamine (14 
uL). Carbonyldiimidazole (81 mg, 0.5 mmole) was added 
and the solution stirred at KT for 18 hr. The solution was 
treated with methanol (40 uL). and after stirring for 30 min 
tributylamraonium pyrophosphate (0.5 g in 0.5 mL DMF) 50 
was added. After stirring for 24 hr another aliquot of 
tributylamraonium pyrophosphate was added and the solu- 
tion was stirred overnight. The reactioQ rnixture was evapo- 
rated to dryness and chromatographed following the proce- 
dure in Example 8. Two products were collected and were 55 
each separately treated with cone ammonium hydroxide (1 
mL) for 18 hr at 55° C UV and HPLC analysis indicated that 
both products were identical after ammonia treatment and 
were pooled and lycphilized to give 35.2 mg of nucleoside 
triphosphate. $q 

EXAMPLE 10 



Nick-Translatioa Reaction 



The triphosphate of Example 9 was incorporated into 65 
pHPV-16 using the nick tanslation protocol of Langer et al 
(supra). The probe prepared with the triphosphate of 
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Example 9 was compared with probe prepared using com- 
mercially available bio- 11-dUTP (Sigma Chemical Co). No 
significant differences could be observed in both a filter 
hybridization and in in situ smears. 
5 More specifically, the procedure involved the following 
materials and steps: 
Materials: 

DNase (ICN Biomcdkals>4 ug/mL 
l0 DNA polymerase 1 (US. Biocfaemicals)-8 U/mL 

PHPV-16-2.16 mgAnL which is a plasmid containing the 
genomic sequence of human papfllomavirus type 16. 
10X-DP-1M Tris,pH7.5(20 mL); 0.5M DTT(80 mL); 1M 
MgQ 2 (2.8 mL); E 2 0 (17 mL) 
15 Nucleotides-Mix A-2 mM each dGTR dCTP. TTP 
(Pharmacia) 

Mix U-2 mM each dGTP. dCTR dATP 
Bio-ll-dUTP-LO mg/mL (BRL) 
Bio-12-dAPFTP-LO mg/mL 
20 Steps: 

To an ice cold mixture of 10X-DP (4 mL), pHPV-16 (2 
mL). nucleotide mix A (6 mL). Bio-12-dAPPTP (2 mL). and 
E 2 0 (20 mL) was added DNase (1 mL) and DNA poly- 
merase 1 (2.4 mL). The reaction mixture was incubated at 
16° C. for 1 hr. The procedure was repeated using Bio- 11- 
dUTP and nucleotide mix U in place of Bio-12-dAPPTP 
(comprising the triphosphate of Example 9) and nucleotide 
mix A. 

Nucleic acid was isolated by ethanol precipitation and 
hybridized to pHPV- 16 slotted onto nitrocellulose. The 
hybridized biotinylaied probe was visualized by a 
streptavidin-alkaiine phosphatase conjugate with BQP/ 
NBT substrate. Probe prepared using either biotinylated 
nucleotide gave identical signals. The probes were also 
35 tested in an in situ format on cervical smears and showed no 
qualitative differences in signal and background, 

EXAMPLE 11 

5-AmiBO-3-((5^tyUinino)penty 
carboxamide 

Following the procedure of Example 2, except that 
cyanoacetamide is used instead of maiononitrile. 
5-{rritylamino)pentymyckoxymem^ is 
prepared from 6-{tritylamino)caproic acid. This is then 
treated with diazomemane to give the methoxy derivative, 
following the procedures of Example 3, which is then 
reacted with hydrazine monohydrate. as in Example 4. to 
give 5-amino-3- ((5-tritylamino)pentyl]pyrazole-4- 
carboxamidc. 

EXAMPLE 12 

4-Hydroxy^rj^yltm^3-((5-oitylarnino)pentyl] 
pyrazo*o-{3 ,4-dJpyrimidine. 

55 The carboxamide from Example 1 1 is reacted with potas- 
sium ethyl xanrhate and ethanol at an elevated temperature 
to give the potassium salt of 4-hydroxypyrazolo[3.4- 
^pyrimidine-6-thioL This salt is then reacted with 
iodomethane to give 4-hydroxy-f>methylthio-3-[(5- 

50 tritylarnjuio)r^ntyl]pyTazolo[3.4-^ 

EXAMPLE 13 

H2-Deoxy~£- 
n-erythropentof\a^osyO^ 
^ pentyi]pyrazolc{3,4-^pyrii^ 

Following the procedure of Example 5. the pyrazolopy- 
rimidine of Example 12 is treated with sodium hydride and 
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reacted with i-chloro- 1 ,2-dideox y -3 ,5 -di - 
^-toluoylribofuranosc. The resultiag compound is reacted 
with MCPBA and with methanoiic arnraonia, and the toiuoyi 
protecting groups are removed to give the product. 

EXAMPLE 14 5 

l-(2~Deoxy-p- 
D-erythrope ntofuranosy i)^-hydroxy-3- [5-( 6-biotin 
amido)hexanarmdopentyl]pyrazolo(3.4- 
fipyrirtudk-6-aniine ^-monophosphate. 10 

Following the procedure of Example 7, the pyrazolopy- 
rirnidiae of Example 13 is reacted with phosphoryl chloride 
to give the corresponding 5 -monophosphate. 

Following the procedure of Example 8, the above 
5*-monophosphate is reacted with palladium/carbon and *5 
cyclohexadiene, and the residue is reacted with N-hydroxy- 
succinimidyl biotmylaminocaproate to give l-(2-deoxy-p- 
2^rythropentofiffanosyi>^hydroxy-3-[5-{6-biocinanitdo) 
hexanamidope ntyi]pyrazolo[ 3 .4-^pyrimidk-6^amine 
5'~monophosphate. 20 

EXAMPLE 15 

l-{2-Deoxy-£- 
]^-erythropeatofuranosyl)^hydroxy-3-[5^6^biotin 

amido)hexanamidopentyijpyrazolo(3*4- 23 
^pyrimidin-6-amine 5'-triphosphate 

Following th« procedure of Example 9, the 
5 r -monophosphate of Example 14 is treated with carbooyl- 
diimidazole and then reacted with triburylammonium pyro- 
phosphate to give the corresponding 5'-triphosphate. 

EXAMPLE 16 

l-{2-Deoxy-P- 
D-erythrope ntofuranosy l)-3 -| -5-(trity lamino)-penryl 

]pyrazolo(3.4~^pYrimidine^c«a2oyiaiitine 35 

l-(2-Deoxy-p- 
D-erythropentof uranosyl>-3- [5 -(tritylami no)pentyl j pyra 
zolo{3A-d]pyriraidine^-- amine from Example 6 is reacted 
with benzoyl chloride and pyridine to give l-(2-deoxy~3~5- ^ 
di-Q-benzoyI-j3- 

JQ^iythro-pentof\n-anosyi>-3-[5-(tritylamino)^ 
zolo(3,4-d]~pyrirm^ne-4-d^enzoyiairiine. This is treated 
with aqueous sodium hydroxide to partially deprotect the 
compound, giving l-(2-deoxy-p- 

J^rythropentofuranosyl^^ 
(3 ,4^pyrinudme^benzoylamine. 

EXAMPLE 17 

i-(2-Deoxy-3- 
2-erythropeDtofuxaflOsyl)-3-l 5-(triSuoroacetamido) 
peatyl]pyrazolo(3 ,4-^pyrirnidiae^benzoyianiine 

Following the procedure of Example 8, the benzoyiamine 
of Example 16 is treated with palladium hydroxide on 
carbon and then with trifluoroacetic anhydride to give i-(2- 55 
deoxy-fS- 
J2^rythror^ntofuranosyl>3-{5^trifl^ 
pyrazoio[3 ,4^pyrirmdine^bcnzoyiarainc. 

EXAMPLE 18 

60 

l-(2^Deoxy-5-Q-diraethoxytrityl-p- 
^erythropentofuranosyl)-3-( 5-(trifluoroacetaraido) 
peatyi Jpyra2olo(3 .4-^pyrimidine^ben2oylajmine 
J^CNJ^-diisopropyOphosphoraxnidite cyanoerhyl 



45 



ester 



65 



The compound of Example 17 is reacted with diracthox- 
ytrityl chloride and pyridine to give the corresponding 



22 



5'-dimethoxytrityl compound. This compound is then 
reacted with cyanoethyl chlorc-NJNF-dusopropyl- phos- 
phoramidite (according to the method of Sinha et aL. 
Nucleic Acids Res.. 12:4539 (1984)) to give the 3'- 
5 Q-activated nucleoside. 

EXAMPLE 19 

5-(4-Phthalimidobut- 1-y n- l-yi)-2 f -deoxyuridine 

10 5-Iodo-2'-deoxyuridiiie (354 mg, 1 mmol) was dissolved 
in 10 mL of dimethylf ormamide. Cuprous iodide (76 mg. 0.4 
mmol), tetrakis(triphenyiphosphine)paliadium(0) (230 mg. 
0.2 mmol), and triethylamine (200 mg. 2.0 mmol) were 
added- 4-Phthaiimidobut- i-yne (300 mg. 1.5 mmol) was 

15 added all at once and the reaction kept at 60° C for three 
hours. The clear yellow reaction was then evaporated and 
methylene chloride was added. Scratching of the flask 
induced crystallization of nearly all of the product which 
was filtered and recrystallized from 95% ethanol to give 335 

20 mg (78%) of title compound as fine, feathery needles. 

EXAMPLE 20 
5^4-Phmalimidobut- l-yl)-2'-deoxyuridinc 

25 

LOO Gram of dcoxyridine from Example 19 was dis- 
solved in 95% EtOH and about 3 g of neutral Raaey nickel 
was added. After 48 hours, the catalyst was removed by 
cautious filtration and the filtrate was evaporated to a solid 
30 which was recrystallized from methanol- water to give 960 
mg (97%) of the title compound. 

EXAMPLE 21 

35 5^3-IcKioacetamidopropyl)-2*-deoxyuridine 

5-(3-Trifluoroacetarm^oprop-l-yl)-2'-deoxyuridine (03 
mmol) is treated with ammonia and then with N-hydroxy- 
succinirnidyl oiodoacetate (0-5 mmol). The reaction mix- 
ture is evaporated to dryness and purified by chromatogra- 
40 phy to give 5-(3-iodoaceJarrn^orx , opyl)-2'^eoxyuridinc. 

EXAMPLE 22 

5^4^4-Bromobutyramido)b*Jtyl^ 

45 

Following the procedure of Example 21. 5-(4- 
phmalimidobut- l-yi)-Z~deoxyuridine, from Example 20. is 
treated with ammonia and then with N-hydroxysuccinimidyl 
4-bromobutyrate to give 5-(4-(4-bromobutyramido)butyI> 
x 2'-deoxyuridine. 

Preparation of Synthetic Oligonucleotides 

EXAMPLE 23 
^ Phosphor ami dite {Reparation and DNA Synthesis 

Nucleosides were y-dimethoxytritylated, following 
known procedures, to give around 85% yield, and the 
3-phosphoramidite was made using diisopropylamino 
^-cyanorthylchlorophosphite (as described in **OHgonucle- 

60 otidc Synthesis: A Practical Approach", supra) with 
diiscpropyi-cthyianiine in methylene chloride. The phos- 
phoramidite was made into a 0~2N solution in acecooitrilc 
and placed on the automated DNA synthesizer. Incorpora- 
tion of these new and modified phosphoramiditcs gave 

65 incorporation similar to ordinary phosphoramiditcs 
(97-99% as judged by assay of the trityl color released by 
UV.) 



23 

Oligonucleotides were removed from the DNA synthe- 
sizer ia tritylated form and deblocked using 30% ammoaia 
at 55 3 C. for 6 hours. Ten uL of 0.5M sodium bicarbonate 
was added to prevent acidui cation during concentration. The 
oligonucleotide was evaporated to dryness under vacuum 5 
and redissolved in L0 mL water. The oligonucleotides were 
purified by HPLC using 15-55% acetonitrile in O.iN tri- 
ethylammonium acetate over 20 minutes. Unsubstituted 
oligonucleotides came off at 10 minutes; amino dciivativQs 
took 11-12 minutes. The desired oligonucleotide was col- iq 
iected and evaporated to dryness, then it was redissolved in 
%0% aqueous acetic acid for 90 minutes to remove the trityi 
group. Desalting was accomplished with a G25 Sephadex 
column and appropriate fractions were taken. The fractions 
were concentrated brought to a specific volume, dilution is 
reading taken to ascertain overall yield and an analytical 
HPLC done to assure purity, oligonucleotides were frozen at 
-20° C. until use. 

Following the above procedures, the nucleoside 5-{3- 
trifluoroaceUmidopror>l-yl)-2'- deoxyuridine was con- 20 
verted to the 5*-0 -dimethoxytrityi-3 -(NJS'-diisopropyl) 
-phosphoramiditc cyanoethyl ester derivative. This was 
added to a DNA synthesizer and the following 14-mer 
oligonucleotide sequence was prepared: 

25 

3*-CT TCC U'TG TAG CTC-5* 

where U l is 5-{3-arninoprop-l-yI)-2 '-deoxyuridine (oiigo 
A). 

In the same manner. 5-(4-phthalimidobut-l-yi) -2- ^ 
deoxyuridine was converted to the 5 t -0-dimethoxytrityl-3- 
(NJ^-diisopropyl)phosphoramidite cyanoethyl ester deriva- 
tive and added to a DNA synthesizer to prepare the above 
14-raer oligonucleotide sequence where U l is 5-(4- 
armnobut-l-yiyZ-deoxyuridine (oiigo C). _ 35 

A corresponding 14-mer oligonucleotide was also pre- 
pared where U 1 is the unmodified deoxyuridine. 

EXAMPLE 24 

Derivatization of Oligonucleotides 40 

In general, to add the crossiinking arm to an 
arninoalkyloligonucieotide, a solution of 10 ug of the ami- 
noaUcyloIigonucleotide and a 100X molar excess of 
n-hyoroxysuccinirnide haioacylate such as a-haloacetate or 45 
4-haloburyrate in 10 uL of 0.1M borate buffer, pH 8.5, was 
incubated at ambient temperature for 30 min. in the dark. 
The entire reaction was passed over a NAP- 10 column 
equilibrated with and eluted with distilled water. Appropri- 
ate fractions based on LTV absorbance were combined and 50 
the concentration was determined spectrophotometrically. 

Introduction of the haloacyi moiety was examined by 
HPLC. A Zorbax® oligonucleotide column (Dupoot) eluted 
with a 20 minute gradient of 6W& to 80% B composed of: 
A (20% acetomtriie:$0% 0.02 N NaH^POJ and B (1.2 N 55 
Nad in 20% acetonitrile:80% 0.02 *N NaH 2 POJ. The 
presence of a reactive a-haioacyl moiety was indicated by 
return of the retention time of the a-haloacylamidoalkyl 
oligonucleotide to the corresponding aminoallcyi oligonucle- 
otide after exposure to IN cysteamine. Introduction of 60 
cysteaminc crea:ed equivalent charge patterns between the 
arninoalJcyl oligonucleotide and the a-haloacylaxnido oligo- 
nucleotide. 

Following the above procedure, the 14-mer oligonucle- 
otide: 65 



3'-CT TCC U'TG TAG GTC-5 4 
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where U 1 is 5-(3-amLQOpropKl-yl>2'-deoxyuridinc (oligo A, 
Example 23). was reacted with n-hydroxysuccinimide 
a-iodoacetate to give the above 14-mer oligOQucleotide 
where U 1 is 5^3-iodoacetamidoprop-l-yi)-2'^oxyaaidinc 
5 (oligo B). 

Oligo A and oligo B. as well as the above 14-mer where 
U 1 is the unmodified dcoxyuridine were resolved in the 
Zorbax column, ail of identical sequence, with the following 
retention times: unmodified 14-mer, 9.31 min; aminopropyl 

10 14-mer (oligo A). 736 min; and iodoacetamido-propyl 
14-mer (oligo B). 10.09 min. 

In the same manner, the aminopropyl 14-mer (oligo A) 
was reacted with N-hydroxysuccinimide 4-bromobutyrate to 
give the 14-mer where U 1 is 5-{3-(4-bromobutyramido) 

15 pror^l-ylV^-deoxyuridine. 

Also, the aminobutyl 14-mer (oligo C. Example 23) was 
reacted with either N-hydroxysuccinimide a-iodoacetate or 
N-hydroxysucxinimidc 4-bromobutyrate to give the 14-mer 
where U 1 is 5-(4-ic4oacetan3idc^at-l-yl>2'-deoxyuridine or 

20 5-(4-(4-bromobutyramido)but-l-yl)-2'-deoxyuridine. 
respectively. 
Assays 

EXAMPLE 25 



Assay of Crosstinking Reaction 

The reaction of crossiinking a DNA probe to a target 
nucleic acid sequence contained 1 ug of haloacyl- 
amidoaikyl probe and 10 Dg of 32 P-labeled cordycepin-tailed 

30 target in 200 uL of 0.1M Tris. pH 8.0, and 0.9M Nad 
incubated at 20° or 30° C. Aliquots were removed at 24- or 
72-hour intervals and diluted in 20 uL of 10 mM cysteaminc 
to quench the haloacylamido group. These solutions were 
stored at FT. and 1 uL was used for analysis by denaruring 

35 polyacrylamide gel electrophoresis (PAGE). 

Following the above procedure, two model oligonucle- 
otide sequences were utilized to evaluate the crosslinkage 
potential of the modified probe to its complement. The 
sequences, derived from human papilloma-virus (HPV) or 

40 human cytomegalovirus (CMV). are shown below: 



HPV System: 

5 10 15 20 25 30 

jit It* 
4 < Target: 5*-AGA CAG CAC AGA ATT CGA AGG AAC ATC CAG-3* 

Probe: V - C T TCC UTG TAG GCI-S' 

CMV System; 

5 10 15 20 



50 



55 



Target: 5*-ACC GTC CTT GAC ACG ATC GAC 7CC-T 
Probe: 7 - GAA CTG TGC UAC CTC-? 

U = 5-[3-<o-kxioacetamido> or 3-(4-brocoot>uryr- 
"~ aonkk>)-pTOpyl]-2'<leoxyurkikK, or 
U - 5-{3-{a-iodoacetaaikio>. or 4-(4-bromoburyr- 
"~ axaxio)-buryL)-r-deoxyxiridiQe. 



The target for HPV is a 30-mer. and for CMV it is a 
24-mer. The crossiinking probes were a 14-mer for HPV and 
two 15-raers for CMV, Each probe contained a single 
60 modified deoxyuridinc designated as Q in the sequences 
above. 

Results of the reaction of HPV target with a lim iting 
amount of crossiinking probe containing a 5-(3- 
iodoacetamidopropyl) sidearm arc shown in FIG. 2. Anary- 
65 sis of the cleavage pattern on a denaturing PAGE gel showed 
the loss of the crosslinked hybrid with the concomitant 
appearance of a discrete low molecular weight band. The 
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intensity of this band was dependent upon the extent of 
crossliiikage in the initial reaction. The localization of signal 
Into two discrete bands on the gel strongly argues that no 
non-sequence-directed aikylation of either target or probe 
strands had occurred (including intramolecular probe 5 
aikylation). 

Comparison to an authentic 15-mer run in an adjacent 
lane suggested that the major cleaved fragment is a 9-mer. 
Upon close examination of the original autoradiogram. a 
slower moving band of very weak intensity was visible. This 10 
pattern would be consistent with major alky lation at G-21 
and minor aikylation at G-20. An examination of a Dreiding 
model of the crosslinkable HPV hybrid shows that the 
5-(3-iodoacetamidopropyl) sidearm can contact the G-21 
residue of the target strand with only minor distortion of the 15 
heiix- 

If aikylation occurs predominately at a guanosine on the 
target strand located two units on the 5' side of the modified- 
deoxyuridine base pair, the CMV sequence should not react. 
This result was in fact observed. The absence of reaction 
with CMV further supports the specificity of cross link i n g 
scheme of the invention. 

EXAMPLE 26 

25 

Tune and Temperature Dependence 

Time and temperature dependence studies were carried 
out with the HPV system of Example 25 where H is 
5-(3-iodoacetamidoprop-l-yl>2*-deoxyuridine. The target 30 
was 32 P-labeled by cordycepin tailing with terminal trans- 
ferase (Maniatis et at. "Molecular Cloning — A Laboratory 
Manual". Cold Spring Harbor Laboratory. 1982. p. 239) and 
incubated with excess probe in a pH 8.0 Tris buffer at either 
20° or 30° C Aliquots were removed after 0, 24, or 72 hours 



seooenc 

( I ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 5 

( 2 ) INFORMATION FOR SEQ ID NO: I: 

( k ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 b«*c pmn 
( B ) TYPE; nucioc acxi 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: &oa* 

{ i x ) FEATURE; 

( A ) NAME/KEY: owfifictLbw 
{ 3 ) LOCATION: 9 

( D ) OTHER INFORMATION: /ooa= nay be 

( i x )FEaTURE: 

( A ) NAME/KEY: mtxfifiocLJa*c 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: A**r= U any be 
5-(4- amino***- 1 - yiyZ -dcoryTX*&De~ 

{ i x ) FEATURE: 

( A ) NAME/KEY: aw4&*LJ»*e 
( B ) LOCATION: 9 

< D ) OTHER INFORMATION: foato* **U maty be tbe tmrondiftnH 
deaxyunditte** 

( i x ) FEATURE: 

( A } NAME/KEY: moAfied_J»*e 
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incubation, quenched with an equivalent volume of 10 mM 
mercaptoethylaraine (which reacts with the iodoacetamide). 
and stored at KT for subsequent analysis by denaturing or 
non-denaturing PAGE. 

5 CrosslinJcage of the hybrid, which was monitored by 
denaturing PAGE, was evident for the 24 and 72 hour time 
points at both temperatures (see FIG. 3). The amount of 
crosslinJced hybrid increased with both temperature and 
time. Approximately 20% of the hybrid was crosslinked 

i° after 72 hours incubation at 30° C 

Separate experiments at a range of temperatures indicated 
that the half-life for crossl miring at 37° C is approximately 
2 days, and that the reaction is complete after 24 hours at 58° 
C. This time-dependent reaction implies that the iodoaceta- 
15 mido moiety does not hydrolyze or react with the buffer. The 
increased reaction rate at higher temperature indicates that 
the hybrid is maintained, and subsequently the rate of 
alkylation shows the expected increase with temperature, 

20 EXAMPLE 27 



Site Specificity of Alkyiation 

To elucidate the site specificity of alley lati on, the 
25 crossiinked HPV hybrid of Example 25 (where U is 5-(3- 
ic<ioacctarrudoprop-l-yl>-2'-deoxyuridinc) was subjected to 
a 10% piperidine solution at 90° C. for 60 minutes. As 
shown by Max am et at (Proc. NatL Acad. Sci USA 74: 560 
(1977), this treatment quantitatively cleaves the target strand 
30 3* -to the site of aikylaUoo. The resulting data indicated that 
the alkylation of the secoad guanine above the crosslinker- 
modifled base pair (i.e.. the guanine above the target base) 
was the exclusive action observed, indicating that the 
crossl in king reaction in the HPV model system is remark- 
ably specific. 
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-continue- 



( S ) LOCATION: 9 

{ D ) OTHER INFORMATION: /aote= "U may be 

( i x ) FEATURE: 

( A ) NAME/KEY: modtfied_ba« 
( 3 ) LOCATION: 9 

( D ) OTHER INFORMATION: /aote= "U may be 

5-<3-(4- bcaaK)b*xyiaoikJo)prop.l-yl)-2*-dcoKyTKxiiB 



< i x ) FEATURE: 

( A ) NAME/JOEY: awdified_i>«*e 
( 3 ) LOCATION: 9 

( D ) OTHER INFORMATION: /note* "U may be 

5-(4- ioooaccramidobur- l-yiyT-dcoxyurafine" 



{ i x > FEATURE: 

( A ) NAME/KEY: cooHifVrl„S»v: 
( S ) LOCATION: 9 

( D ) OTHER INFORMATION: /ooto= "U may be 

5-(4-(4- broniobuyraaiido)*)^ 1-yiyT-dcoxyuridine" 



( x i > SEQUENCE DESCRIPTION: SEQ ID NOU: 



CTOGATGTUC CTTC 



{ 2 ) INFORMATION FOR SEQ ID NOC: 



{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 hue pars 
( 3 ) TYPE: audac aod 
( C ) STRANDEDNESS: imgk 
( D ) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ED NOO: 



AGACAGCACA GAATTCGAAG GAACATCCAG 



< 2 ) INFORMATION FOR SEQ ID NOt3: 



( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 14 baae ptoi 
{ B ) TYPE: Mjcioc aod 

< C ) STRANDEDNESS: imgie 

< D ) TOPOLOGY: fine* 

( i x ) FEATURE: 

( A ) NAME/KEY: modifi«l_bwe 
( 3 ) LOCATION: 9 

{ D ) OTHER INFORMATION: /dowp* "Umirbc 

5>{3- (aJphj*iodoaoe<amkJo>pre3pyi]-2*-d^ 



( i x ) FEATURE: 

( A ) NAME/KEY: modi&d_bwc 
{ B > LOCATION: 9 

{ D ) OTHER INFORMATION: /note* Uaaybe 

5-{3- {bromob»»yiMiadpH»opyil-2* -deo x y m i rfuac" 

< i x ) FEATURE: 

{ A } NAME/KEY: mnriifrrt-Nrwt 
( S ) LOCATION: 9 

( D ) OTHER INFORMATION: /aotc= "U may be 

3-|4-«ipb*- W>ioarrTaroklo>bQiyl]-r ^dpoxyqridiae" 

( i x ) FEATURE: 

( A ) NAME/XEY: modifiod„b*o 
( 3 ) LOCATION: 9 

( D ) OTHER INFORMATION: /note* "U m*y be 



(x\) SEQUENCE DESCRIPTION: SEQ ID NOO: 
CTOGATGTUC CTTC 



{ 2 ) INFORMATION FOR SEQ ID NOt-i: 



28 
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( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pain 
( 3 ) TYPE: audoc acid 
{ C ) STRAKDEDNESS: single 
( D ) TOPOLOGY: lioc* 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:4: 



( 2 ) INFORMATION FOR SEQ ID NCnS: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pairs 
( B ) TYPE: nockic acid 
( C ) STRANDEDNcSS: single 
( D ) TOPOLOGY: Uscx 



( i i } FEATURE: 

( A ) NAME/KEY: modified_bas« 
( 3 ) LOCATION: 6 

( D ) OTHER INFORMATION: /oocc= ~U may be 

5- (3- (a^>h>ux]Odcecamkfe>^)roply}-2*KkoxyundiiB t * 



{ i x ') FEATURE: 

( A ) NAME/KEY: nxxii6cd_b**c 
{ 3 ) LOCATION: 6 

{ D } OTHER INFORMATION: /oow* "U may be 

5-I3-K-*- braaK3b«yracmdo)-prop7l K2' -^koiyandim;'* 

( i i ) FEATURE: 

( A ) NAME/KEY: modifiedjbaie 
{ S ) LOCATION: 6 

( D ) OTHER INFORMATION: /now* "U may be 

5- |4> (alpba»kxioacciaftudn>buryi ^2*-deoxywx£n<" 

< i i 1 FEATURE: 

( A ) NAME/KEY: coodi£cd_b*K 
( B } LOCATION: 6 

( D > OTHER INFORMATION: /ootes U may be 

5-l4-<+- braaxjburyrarax^hburyl^'-dcoxy^^ 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NOi: 

CTCCAUCGTG TCAAG 



What is claimed is: 

1. An oligonucleotide having at least one nucleotide of the 
formula 45 



R , — B — (CH^ — 00, — (CHj)^ — A* 
wherein 

R x is a l-(P-D-ribofuranosyl) or l-((J-D-2- ^ 
deoxyribofuranosyl) group which is optionally substiti- 
tuted on one or more of its hydroxy! functions with a Z 
group, wherein Z independently is methyl or a 
phosphate, thiophosphate. alkylphosphate or alkane- 
phosphonate group; 35 

B is a heterocyclic base selected from purine and pyrazolo 
(3,4^]pyrimidine groups wherein the (CH^ group is 
attached to the 7-position or 8 position of the purine and 
3-positioQ of the r^razolo[3,4^]pyrirnidine groups and 
the R x group is attached to the 9-position of the purine & 
and to the 1-position of the pyra^olo{3.4^]pyrimidine 
groups; 

Y is a functional linking group selected from a group 
consisting of — -O— , —5—, — NR' — , — NH — CO—, 
trifluoroacetamido and phtalimido groups where R' is H 65 
or alkyh and at least one of the (CH^ and (CH^ 
groups is directly linked to the — 0 — . — S — , 
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! 5 



— N"R' — . NH — CO — . triSuoroacetamido and phtai- 
imido groups and the other of said (CH^ and (CH^ 
4S groups is linked to the heterocyclic base with a carbon 
to carbon bond; 

m is 1 to 8. inclusive; 

q is 0 to 8, inclusive; 

r is 0 or 1; aod 

50 A* is a group selected from chloro. bromo. iodo. SO-R"*. 
S~R'HR/* and a radical which activates the carboo to 
which it is attached for aucieophilic substitution, where 
each of R'" and R"- is independently atkyi or aryi 
or R" and K mm together form a C t ^ aikyieae bridge. 
5J 2. An oligonucleotide according to claim, 1 wherein B is 
selected from adeninc-8-yl. guaninc-S-yL 4-aminopyrazolo 
{3.4-d}pyriirudiii-3-yL and 4-arnino-6-oxopyra2olo(3,4-dJ 
pyrimidin-3-yi groups. 

3. An oligonucleotide according to claim 1 wherein m is 
L 2 or 3; q is 2. 3. or 4; and r is L 
50 4. An oligonucleotide according to claim 1 wherein the R t 
group is Hp-D-ribofuranosyl). 

5. An oligonucleotide according to claim 1 wherein the Rj 
group is H^D-2nicoxyribofuraflOsyi). 

6. An oligonucleotide according to claim 1 wherein the R t 
65 group is l-(^I>2-O-mechyl-ribofuranosy0. 

7. An oligonucleotide according to claim 1 wherein the 
group - ( CH 2 ) 7 ~(Y) r -(CH 2 ) m ~A' is 
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3- iodoaccUraidopropyl. 3-(4-bromobutyramido)propyL 

4- iodoacetamidobutyi. or 4-(4-bromobiK5Tramido)buryl. 
8. A conapound of the formula / 




10 



where R L is H. or a Hf^D-ribofuranosyl) ox l-(£-D-2- 
oeoxyribofuranosyl) group which is optionally substi- 
tuted on one or more of its hydroxy! functions with a 2 15 
group wherein Z independently is methyl or a 
phosphate, thiophosphate aikyiphosphate or alkane- 
phosphoaate group, or a reactive precursor of said 
phosphate, thiophosphate, aikyiphosphate or alkane- 
phosphonate group which precursor is suitable for 20 
internucieotide bond formation; 

R 3 is (CH 2 ) 9 — CO r — (CH 3 ) m — A" where A" is a group 
selected from chloro. brorao, iodo, SOJT, SH'-R" 
and a radical which activates the carbon to which it is ^ 
attached for nucleophilic substitution, where each of 
R" and R"" is independently alkyl or aryi or R"* 
and R"* together form a aikylenc bridge, or A" is 
an intercalator group, a metal ion chelator or a reporter 
group; x 

Y is a functional linking group selected from a group 
consisting of — O — , — S — . — NR' — . — NH — CO — . 
txifluoroacetarnido and phtaiimido groups where R is H 
or Ci_ 6 aikyl. and at least one of the (CH 2 ) m and (CH 2 ) 9 
groups is directly linked to said — 0 — . — S — . 35 
— MR* — , NH — CO — , trifiuoroacetarnido and phtai- 
imido groups and the other of said (CHJ m and (CH-,)^ 
groups is linked to the heterocyclic base with a carbon 
to carbon bond; 

each of m and q is independently 0 to 8, inclusive; r is 0 40 
or 1 provided that when A n is a group selected from 
chloro, bromo, iodo, S0 2 R'\ $1£"R n " and a radical 
which activates the carbon to which it is attached for 
nucleophilic substitution, then m is not 0; 

each of R 4 and R$ is independently H, OR, SR. NHOR. 45 
NH 2 , or NH(CH 2 ) r NH 2 where R is H or Chalky I and 
t is an integer from 0 to 12, 

9. A compound in accordance with claim 8 where each of 
R 4 and R$ is independently selected from a group consisting 
of H. OH and NH 2 . / 50 

10. A compound of the formula 
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60 

where R< is H. or a l-{p-T>ribofuranosyl) or 1-({J-D- 
dcoxyribofuranosyi) group which is optionally substiti- 
tutcd on one or more of its hydroxy! functions with a Z 
group wherein Z independently is methyl or a 
phosphate, thiophosphate. aikyiphosphate or a I fane- 65 
phosphonate group, or a reactive precursor of said 




phosphate, thiopfaosphate. alky 'phosphate or alkane- 
phosphonate group which precursor is suitable for 
inter nucleotide bond formation; 
R 3 is (CH 2 ) <? — 00 r — (CH 2 ) m — A" and A" is a reporter 

5 group; 

Y is a functional liaising group selected from a group 
consisting of — O— % — S — , — NR' — . — NH — CO — . 
trifluoroacetamido and phtalimido groups where R' is H 

10 or ^ i-<s aLkyi* and at least one of the (CH 2 ) m and (CH.,)^ 
groups is directly linked to said — 0 — — S — , 
— NR* — , NH— CO— . trifluoroacetamido and phtal- 
imido groups and the other of said (CH^ and (CE 2 ) q 
groups is linked to the heterocyclic base with a carbon 

l5 to carbon bond; 

each of m and q is independently 0 to 8, inclusive; r is 0 
or 1. and 

each of R 4 and R6 is independently H, OR. SR. NHOR. 
NH 2 , or KH(CH 2 ) I NH 2 where R is H or Chalky I and 
20 t is an integer from 0 to 12- 

11. A compound in accordance with claim lOjwhere each 
of R 4 and R$ is independently selected from a group 
consisting of H, OH and NH 2 . 

12. A compound in accordance with claim 11 where the 
25 reporter group is biotin or 2.4-dinitrobenzene. - 

13. An oligonucleotide having at least oae nucleotide of 
the formula 




wherein R A is a l-(^-D-ribofuranosyl) or l-({$-D-2- 
deoxyribofuranosyl) group which is optionally substi- 
tuted on one or more of its hydroxy 1 functions with a Z 
40 group wherein Z independently is methyl or a 
phosphate, thiophosphate. alkylphosphate or alkane- 
phosphonate group; 

R 3 is (CH-j)^ — (Y) r — (CHj) m — A and A is a reporter 

45 gro u Pi 

Y is a functional linking group selected from a group 
consisting of — 0 — . — S — , — NR' — , — NH — CO — , 
trifluoroacetamido and phtalimido groups where R* is H 
or C^ alky l. and at least one of the (CH 2 ) m and (CHJ^ 

^ groups is directly linked to said — O — . — S — . 
— NR' — , NH — CO — .trifluoroacetamido and phtal- 
imido groups and the other of said (CH-j)^ and (CK 2 ) 
groups is linked to the heterocyclic base with a carboa 
to carbon bond; 

55 each of m and q is independently 0 to 8, inclusive; r is 0 
or 1. and 

each of R« and R6 is independently H. OR, SR, NHOR, 
NH 2 . or NH(CH 2 ) I NH 2 where R is H or C^aikyl and 
t is an integer from 0 to 12. 
60 14. An oligonucleotide in accordance with claim 13 where 
each of R 4 and R$ is independently selected from a group 
consisting of H. OH and NH 2 . 

15. An oligonucleotide in accordance with claim 14 where 
the reporter group is biotin or 2.4-dinitrobea2cnc, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Reissue Application of: 

U.S. Patent No. 5,824,796 

Inventors: Charles R. Petrie, Rich B. Meyer, 
John C. Tabone and Gerald D. Hurst 

Serial No.: Not yet assigned 

Filed: Herewith 



REISSUE DECLARATION UNDER 
37 C.F.R. § 1.175(a) AND POWER OF 
ATTORNEY 



For: CROSS-LINKING 
OLIGONUCLEOTIDES 



BOX REISSUE APPLICATION 
Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

We, Charles R. Petrie, Rich B. Meyer, John C. Tabone and Gerald D. Hurst 
declare as follows: 

1 . Charles R. Petrie of 1 8459 NW 1 96th Place, Woodinville, Washington 
98072, Rich B. Meyer of 3739 Hamilton Way, Redwood City, California 94062, John C. Tabone 
of 121 17 NE 166th Place, Bothell Washington 9801 1 and Gerald D. Hurst of address unknown, 
are citizens of the United States of America. 

2. The entire right, title, and interest to U.S. Patent No. 5,824,796, issued 
October 20, 1998, is vested in Epoch Biosciences, Inc., a Delaware corporation, by assignment. 
Epoch Biosciences, Inc. has a regular and established place of business in Redmond, Washington 
98052. An assignment from us to Microprobe Corporation (now Epoch Biosciences, Inc.) was 
recorded on October 26, 1988 at Reel 4963, Frame 220 for parent application Serial No. 250,474 
and on July 24, 1989 at Reel 5162, Frame 48 for parent application Serial No. 353,857. 



3. We are the original, first and joint inventors of the invention described and 
claimed in the above-identified United States Letters Patent and the claims added by the above 
referenced reissue application, for which invention we seek a reissue of the aforesaid Letters 
Patent. 

4. We do not know and do not believe that said invention was ever known or 
used in the United States of America before our invention thereof. 

5. We do not know and do not believe that said invention was in public use 
more than one year prior to filing the original application for U.S. Patent No. 5,824,796. 

6. We do not know and do not believe that the invention was on sale, within 
the meaning of 35 USC 102(b), in this country more than one year prior to the filing date of said 
original application. 

7. We also believe the original patent to be partly or wholly inoperative or 
invalid because of error without deceptive intent on our part. We believe the original patent to 
be partly or wholly inoperative or invalid because we claimed less than that to which we had a 
right to claim in the patent. In particular we believe that it was error not to include those 
compounds in which the linking groups between the nucleic acid bases and the reporter groups 
were unsaturated alkyl chains, such as for example, C2-C12 alkenylene and C2-C12 alkynylene in 
the original patent. New claims 16 through 44 are now added as reissue claims. The errors 
which resulted in this application for reissue and resulted in such claims not being included in the 
original patent arose due to our failure to appreciate the extent to which the original claims 
included elements which unduly limited the scope of protection afforded our invention. Our 
original patent claims, see claims 1-15, for example, contained claims to oligonucleotides and 
compounds in which crosslinking groups and reporter groups are attached to the oligonucleotide 
or compound via a saturated alkylene chain that is optionally interrupted by a heteroatom (e.g., 
O, NH or S). We believe we are also entitled to claims drawn to intermediates in the preparation 
of the claimed compounds that terminate in a heteroatom or protected form thereof. 

8. More specifically, in the original application, we failed to recognize and 
appreciate features and combinations of the invention which we invented and which we believe 
are patentable over the prior art. We have added new claims 16-44 to other oligonucleotides and 
compounds of modified pyrazolo[3,4-d]pyrimidines and other pyrimidine bases to correct our 
error in not so claiming in our original patent. We believe this occurred in part because our 
preferred embodiment was the cross-linking oligonucleotides, and we failed to recognize that 
certain intermediates and other species of labeled compounds and oligonucleotides could be 
claimed. 

9. We have reviewed and understand the contents of the attached 
specification and claims, including the new claims as presented in this application for reissue of 
the original Letters Patent. 
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10. We acknowledge the duty to disclose information of which we are aware 
and which is material to the examination of this application for reissue of the original Letters 
Patent in accordance with 37 C.F.R. § 1.56. 



1 1 . The aforementioned errors in claiming less than we had a right to claim 
arose without any deceptive intention on our part and was only recognized as a result of 
comparing the issued claims with the business interests of Epoch Pharmaceuticals, Inc., now 
Epoch Biosciences, Inc. 

12. We hereby declare that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

13. We hereby appoint the following attorneys to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith: William M. 
Smith, Reg. No. 30,223, William B. Kezer, Reg. No. 37,369, Eugenia Garrett- Wackowski, Reg. 
No. 37,330, Joseph R. Snyder, Reg. No. 39,381 and Kevin L. Bastian, Reg. No. 34,774, 

14. Please send all correspondence to Townsend and Townsend and Crew 
LLP, ATTN: William B. Kezer, Two Embarcadero Center, 8th Floor, San Francisco, California 
941 1 1-3834. Direct all telephone calls to Mr. Kezer at (415) 576-0200. 

15. This declaration may be executed in counterpart and by copy with the same 
force and effect as if executed as one complete and integrated document. 



Full name of first inventors Charles R. Petrie 
Inventor's signature: 
Datei /^A/^ Country of Citizenship: U.S.A. 
Residence: 18459 NW 196th Place, Woodinville, Washington 98072 

Full name of second inventor: Rich B. Meyer 

Inventor's signature: 



Date: Country of Citizenship: U.S.A. 

Residence: 3739 Hamilton Way, Redwood, California 94062 

Full name of third inventor: John C. Tabone 

Inventor's signature: 

Date: Country of Citizenship: U.S.A. 

Residence: 121 17 NE 166th Place, Bothell Washington 9801 1 

Full name of third inventor: Gerald D. Hurst 

Inventor's signature: 



Date: Country of Citizenship: U.S.A. 

Residence: Unknown 

SFl 142663 
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Washington, D.C. 20231 

Sir: 

We, Charles R. Petrie, Rich B. Meyer, John C. Tabone and Gerald D. Hurst 
declare as follows: 

1 . Charles R. Petrie of 18459 NW 196th Place, Woodinville, Washington 
98072, Rich B. Meyer of 3739 Hamilton Way, Redwood City, California 94062, John C. Tabone 
of 121 17 NE 166th Place, Bothell Washington 9801 1 and Gerald D. Hurst of address unknown, 
are citizens of the United States of America. 

2. The entire right, title, and interest to U.S. Patent No. 5,824,796, issued 
October 20, 1998, is vested in Epoch Biosciences, Inc., a Delaware corporation, by assignment. 
Epoch Biosciences, Inc. has a regular and established place of business in Redmond, Washington 
98052. An assignment from us to Microprobe Corporation (now Epoch Biosciences, Inc.) was 
recorded on October 26, 1988 at Reel 4963, Frame 220 for parent application Serial No. 250,474 
and on July 24, 1989 at Reel 5162, Frame 48 for parent application Serial No. 353,857. 



3. We are the original, first and joint inventors of the invention described and 
claimed in the above-identified United States Letters Patent and the claims added by the above 
referenced reissue application, for which invention we seek a reissue of the aforesaid Letters 
Patent. 

4. We do not know and do not believe that said invention was ever known or 
used in the United States of America before our invention thereof. 

5. We do not know and do not believe that said invention was in public use 
more than one year prior to filing the original application for U.S. Patent No. 5,824,796. 

6. We do not know and do not believe that the invention was on sale, within 
the meaning of 35 USC 102(b), in this country more than one year prior to the filing date of said 
original application. 

7. We also believe the original patent to be partly or wholly inoperative or 
invalid because of error without deceptive intent on our part. We believe the original patent to 
be partly or wholly inoperative or invalid because we claimed less than that to which we had a 
right to claim in the patent. In particular we believe that it was error not to include those 
compounds in which the linking groups between the nucleic acid bases and the reporter groups 
were unsaturated alkyl chains, such as for example, C 2 -Ci 2 alkenylene and C 2 -Ci 2 alkynylene in 
the original patent. New claims 16 through 44 are now added as reissue claims. The errors 
which resulted in this application for reissue and resulted in such claims not being included in the 
original patent arose due to our failure to appreciate the extent to which the original claims 
included elements which unduly limited the scope of protection afforded our invention. Our 
original patent claims, see claims 1-15, for example, contained claims to oligonucleotides and 
compounds in which crosslinking groups and reporter groups are attached to the oligonucleotide 
or compound via a saturated alkylene chain that is optionally interrupted by a heteroatom (e.g., 
O, NH or S). We believe we are also entitled to claims drawn to intermediates in the preparation 
of the claimed compounds that terminate in a heteroatom or protected form thereof. 

8. More specifically, in the original application, we failed to recognize and 
appreciate features and combinations of the invention which we invented and which we believe 
are patentable over the prior art. We have added new claims 16-44 to other oligonucleotides and 
compounds of modified pyrazolo[3,4-d]pyrimidines and other pyrimidine bases to correct our 
error in not so claiming in our original patent. We believe this occurred in part because our 
preferred embodiment was the cross-linking oligonucleotides, and we failed to recognize that 
certain intermediates and other species of labeled compounds and oligonucleotides could be 
claimed. 

9. We have reviewed and understand the contents of the attached 
specification and claims, including the new claims as presented in this application for reissue of 
the original Letters Patent. 



10. We acknowledge the duty to disclose information of which we are aware 
and which is material to the examination of this application for reissue of the original Letters 
Patent in accordance with 37 C.F.R. § 1.56. 



1 1 . The aforementioned errors in claiming less than we had a right to claim 
arose without any deceptive intention on our part and was only recognized as a result of 
comparing the issued claims with the business interests of Epoch Pharmaceuticals, Inc., now 
Epoch Biosciences, Inc. 

12. We hereby declare that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

13. We hereby appoint the following attorneys to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith: William M. 
Smith, Reg. No. 30,223, William B. Kezer, Reg. No. 37,369, Eugenia Garrett- Wackowski, Reg. 
No. 37,330, Joseph R. Snyder, Reg. No. 39,381 and Kevin L. Bastian, Reg. No, 34,774. 

14. Please send all correspondence to Townsend and Townsend and Crew 
LLP, ATTN: William B. Kezer, Two Embarcadero Center, 8th Floor, San Francisco, California 
941 1 1-3834. Direct all telephone calls to Mr. Kezer at (415) 576-0200. 

15. This declaration may be executed in counterpart and by copy with the same 
force and effect as if executed as one complete and integrated document. 
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Full name of first inventor: Charles R. Petrie 

Inventor's signature: 

Date: Country of Citizenship: U.S.A. 

Residence: 18459 NW 196th Place, Woodinville, Washington 98072 

Full name of second inventor: _Rioh B. Meyer 
Inventor's signature: 

Date: \(f\^ Country of Citizenship: U.S.A. 
Residence: 3739 Hamilton Way, Redwood, California 94062 

Full name of third inventor: John C. Tabone 

Inventor's signature: 

Date: Country of Citizenship: U.S.A. 

Residence: 121 17 NE 166th Place, Bothell Washington 9801 1 

Full name of third inventor: Gerald D. Hurst 

Inventor's signature: 

Date: Country of Citizenship: U.S.A. 

Residence: Unknown 
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of 121 17 NE 166th Place, Bothell Washington 9801 1 and Gerald D. Hurst of address unknown, 
are citizens of the United States of America. 

2. The entire right, title, and interest to U.S. Patent No. 5,824,796, issued 
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Epoch Biosciences, Inc. has a regular and established place of business in Redmond, Washington 
98052. An assignment from us to Microprobe Corporation (now Epoch Biosciences, Inc.) was 
recorded on October 26, 1988 at Reel 4963, Frame 220 for parent application Serial No. 250,474 
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3. We are the original, first and joint inventors of the invention described and 
claimed in the above-identified United States Letters Patent and the claims added by the above 
referenced reissue application, for which invention we seek a reissue of the aforesaid Letters 
Patent. 

4. We do not know and do not believe that said invention was ever known or 
used in the United States of America before our invention thereof. 

5. We do not know and do not believe that said invention was in public use 
more than one year prior to filing the original application for U.S. Patent No. 5,824,796. 

6. We do not know and do not believe that the invention was on sale, within 
the meaning of 35 USC 102(b), in this country more than one year prior to the filing date of said 
original application. 

7. We also believe the original patent to be partly or wholly inoperative or 
invalid because of error without deceptive intent on our part. We believe the original patent to 
be partly or wholly inoperative or invalid because we claimed less than that to which we had a 
right to claim in the patent. In particular we believe that it was error not to include those 
compounds in which the linking groups between the nucleic acid bases and the reporter groups 
were unsaturated alkyl chains, such as for example, C2-C12 alkenylene and C2-C12 alkynylene in 
the original patent. New claims 16 through 44 are now added as reissue claims. The errors 
which resulted in this application for reissue and resulted in such claims not being included in the 
original patent arose due to our failure to appreciate the extent to which the original claims 
included elements which unduly limited the scope of protection afforded our invention. Our 
original patent claims, see claims 1-15, for example, contained claims to oligonucleotides and 
compounds in which crosslinking groups and reporter groups are attached to the oligonucleotide 
or compound via a saturated alkylene chain that is optionally interrupted by a heteroatom (e.g., 
O, NH or S). We believe we are also entitled to claims drawn to intermediates in the preparation 
of the claimed compounds that terminate in a heteroatom or protected form thereof 

8. More specifically, in the original application, we failed to recognize and 
appreciate features and combinations of the invention which we invented and which we believe 
are patentable over the prior art. We have added new claims 16-44 to other oligonucleotides and 
compounds of modified pyrazolo[3,4-d]pyrimidines and other pyrimidine bases to correct our 
error in not so claiming in our original patent. We believe this occurred in part because our 
preferred embodiment was the cross-linking oligonucleotides, and we failed to recognize that 
certain intermediates and other species of labeled compounds and oligonucleotides could be 
claimed. 

9. We have reviewed and understand the contents of the attached 
specification and claims, including the new claims as presented in this application for reissue of 
the original Letters Patent. 
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1 0. We acknowledge the duty to disclose information of which we are aware 
and which is material to the examination of this application for reissue of the original Letters 
Patent in accordance with 37 C.F.R. § 1.56. 



1 1 . The aforementioned errors in claiming less than we had a right to claim 
arose without any deceptive intention on our part and was only recognized as a result of 
comparing the issued claims with the business interests of Epoch Pharmaceuticals, Inc., now 
Epoch Biosciences, Inc. 

12. We hereby declare that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

13. We hereby appoint the following attorneys to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith: William M. 
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No. 37,330, Joseph R. Snyder, Reg. No. 39,381 and Kevin L. Bastian, Reg. No. 34,774. 

14. Please send all correspondence to Townsend and Townsend and Crew 
LLP, ATTN: William B. Kezer, Two Embarcadero Center, 8th Floor, San Francisco, California 
941 1 1-3834. Direct all telephone calls to Mr. Kezer at (415) 576-0200. 

15. This declaration may be executed in counterpart and by copy with the same 
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